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ABSTRACT 
 
Novel stimuli are ubiquitous.  Few studies have examined mixed-species group 
reactions to novelty, although the complex social relationships that exist can 
affect species’ behavior.  Additionally, studies rarely consider possible changes in 
communication.  However, for social species, changes in communication, 
including rates, latencies, or note-types within a call, could potentially be 
correlated with behavioral traits.  As such, this research aimed to address 
whether vocal behavior is correlated with mixed-species’ reactions to novel 
objects.  I first tested the effect of various novel stimuli on the foraging and 
calling behavior of Carolina chickadees, Poecile carolinensis, and tufted titmice, 
Baeolophus bicolor.  Chickadees and titmice both had longer latencies to forage 
in the presence of novel stimuli.  Chickadees also modified their vocal behavior, 
having shorter latencies to call and using more ‘D’ notes in their calls in the 
presence of novel stimuli compared to titmice.  Chickadees and titmice reacted to 
the novel stimuli similarly to how I would expect them to react to a predator.  
Therefore, a second experiment was conducted directly comparing chickadee and 
titmouse reactions to a novel (Mega Bloks®) stimulus and a predator (Cooper’s 
hawk) stimulus.  Chickadees and titmice had an intermediate latency to forage in 
the presence of a novel stimulus compared to control and predator contexts.  
Again, chickadees had shorter calling latencies across contexts compared to 
titmice.  As a final experiment, using semi-naturalistic aviaries, I tested whether 
chickadee flock size and the presence or absence of titmice influenced reactions 
to novel and predator stimuli.  Chickadees called more in smaller chickadee 
flocks compared to larger chickadee flocks, and also when titmice were absent 
compared to when they were present.  These results were stronger in predator 
contexts compared to novel contexts.  This suggests that conspecific flock size 
influences calling behavior, such that smaller flocks, which may experience 
higher stress levels and may be required to exhibit more anti-predatory behavior, 
call more than larger flocks.  Taken together, this work has important 
vi 
implications for the complexity of social relationships in mixed-species groups, 
the social roles species play within the group, and how group size influences vocal 
behavior and reactions to various degrees of threat. 
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CHAPTER I: INTRODUCTION  
“All animals feel Wonder, and many exhibit Curiosity” (Darwin, 1874, p.80) 
Scope 
Novel stimuli are ubiquitous.  From birth or hatching, individuals are introduced 
to new stimuli, and must learn about them and gain experience such that non-
adaptive responses to stimuli are minimized.  Habituation to the novel stimulus 
can occur either over time during one experience or after repeated experiences 
(Leussis & Bolivar, 2006).  Often, an individual’s reactions to novel stimuli, 
whether it is attracted to novelty (neophilic), or tries to avoid novelty 
(neophobic), are repeatable over time.  Behavior patterns that are repeatable over 
time and across contexts are considered behavioral types, or personality traits 
(Gosling, 2001).  The study of personality in animals has increased exponentially 
in the last two decades, resulting in many new personality-related terminologies 
and continuums (Gosling, 2001).  The neophobia-neophilia continuum is an 
often described continuum in the personality literature.  This introduction thus 
begins by defining neophobia and neophilia, and then describing them in relation 
to several other prevalent personality continuums.   
 Next, I discuss the history of animal personality research.  Researchers 
commented on observed differences in individual reactions to novel stimuli as 
early as the late 1800s.  It is important to acknowledge the roots of this field, 
because while the breadth of this field has increased, many of the methodologies 
to study novelty remain the same.  Subsequently, I discuss the traditional ways to 
measure reactions to novelty. 
 I will follow the historical review with a broad review of the relevant 
literature regarding differences in reactions to novel stimuli.  There are many 
aspects of an individual’s life that can influence its reactions to novel stimuli; 
these influence individuals on the species-, group-, and/or individual-levels.  As 
such, I will discuss several influences on each level and provide examples from 
the animal personality literature. 
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 This review of the literature will make it apparent that measuring 
approach or avoidance behavior is a preferred method for testing novelty 
reactions, but I will introduce the idea of using vocal communication as an 
additional measure of neophobia and neophilia.  In the human literature, certain 
personality traits, such as extroversion, are correlated with an increase in vocal 
rate and amplitude (Mairesse, Walker, Mehl, & Moore, 2007).  Therefore, the 
possibility that vocal behavior is also associated with certain behavioral traits in 
animals will be discussed.   
 The introduction will end with an overview of the study system of interest: 
mixed-species flocks of Carolina chickadees and tufted titmice.  These two species 
are well-studied and much is already known about how they behaviorally and 
vocally react to threatening predator stimuli (Bartmess-Levasseur et al., 2010; 
Courter & Ritchison, 2009; Nolen & Lucas, 2009; Sieving, Contreras, & Maute, 
2004; Sieving, Hetrick, & Avery, 2010; Soard & Ritchison 2009).  Considering 
this, they are an ideal group to test for behavioral and vocal differences in 
responses to novelty.  The introduction thus concludes with an outline of the 
three experiments that were conducted to test for vocal and behavioral reactions 
to both novel and predator stimuli in chickadees and titmice.   
Novel Stimuli, Neophobia, and Neophilia 
A stimulus is novel, or new, based on an individual’s past experience (Corey, 
1978), such that stimuli that an individual has little to no experience with are 
more novel than stimuli that an individual has experienced frequently.  In 
addition, the degree of dissimilarity and discontinuity from objects or situations 
that an individual has experienced before must be considered (Greenberg & 
Mettke-Hofmann, 2001).  A squirrel, for example, will likely treat the first oddly-
shaped acorn similarly to how it treated all previous normally-shaped acorns 
because it is not so dissimilar from its past acorn experiences.  The squirrel may 
generalize the odd-shaped acorn to acorns it has previously seen.  However, if an 
acorn is an unusual color, such as pink, it may be perceived as discontinuous 
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from the squirrel’s previous acorn experiences and be treated as novel (e.g. Kelly 
& Marples, 2004).   
Consequently, novel stimuli come in many forms.  These forms include (1) 
auditory stimuli, such as a cry of a hawk, (2) olfactory stimuli, such as the musk 
of male deer, (3) potential food objects, such as a moth species, (4) neutral 
objects, such as pine cones or a piece of litter, (5) other conspecifics, 
heterospecifics, or predators, and (6) the habitat, such as when a bird migrates to 
warmer climates or emigrates from one local population to another local 
population.  The size and/or color of the stimulus can also render it novel 
(Greenberg, 1983; Kelly & Marples, 2004). 
 Once an individual perceives a stimulus as novel, there are three possible 
responses: (1) an individual can be curious and attracted to the new stimulus, and 
therefore approaches and explores it, (2) an individual can be fearful of the new 
stimulus and avoid it, or (3) an individual can decide not react at all, either due to 
ambivalence or ignoring the stimulus.  While the approach-avoid dichotomy has 
been used often in the literature, it has been argued that the term ‘withdraw’ is 
more appropriate than ‘avoid’, as the opposite of ‘avoid’ is ‘to seek,’ which speaks 
to greater levels of motivation (Schneirla, 1959).  An individual that is attracted to 
novel stimuli is considered to be neophilic, while an individual that avoids novel 
stimuli is considered neophobic.  An ambivalent individual is conflicted, having 
two incompatible tendencies (one, to approach, the other, to avoid) that are 
elicited by the same stimulus (Hinde 1970).  This ambivalent response can be 
characterized as the absence of movement, which can make it difficult to 
differentiate from an ‘ignore’ response.  However, other physical responses can 
be indicative of ambivalence.  For example, in rats, ambivalent individuals did 
not move, but had tension in their bodies and ‘high intensity stretched attention,’ 
which aided in the differentiation between ‘ambivalence’ and ‘ignore’ behaviors 
(van Der Poel, 1979). A lack of any change in behavior or posture after the 
introduction of a stimulus more likely indicates that the individual has ignored it 
(e.g. Glickman & Sroges, 1966).   
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Neophobia and neophilia are often described as existing on a continuum, 
such that an individual can exhibit both fear and curiosity towards a stimulus in 
rapid alternation (Berlyne, 1950), but that one is stronger than the other, and 
thus is the prevailing reaction observed (Greenberg & Mettke-Hofmann, 2001).  
Familiarization, or a reduction of the initial response to novelty, can occur when 
an individual has gained enough experience with the novel stimulus such that 
exploration or avoidance ceases (Greenberg & Mettke-Hofmann, 2001).  
Neophobic and neophilic reactions are often quantitative (discussed further 
below), allowing researchers to directly compare the neophilia or neophobia of 
species, groups, and individuals.  For example, in a comparison of two species of 
sparrows, song sparrows, Melospiza melodia, were considered ‘more neophobic’ 
than swamp sparrows, M. georgiana, based on latencies to feed near a novel 
object (Greenberg, 1990b).  It would not be appropriate, however, to simply deem 
song sparrows as a neophobic species.  They are merely more neophobic 
compared to swamp sparrows.  This is also true when comparing individual 
reactions to novel stimuli.  Some individuals are more or less neophobic or 
neophilic than others.  For example, individual starlings, Sturnus vulgaris, 
differentially responded to being placed in a novel environment (Boogart, 
Reader, & Laland, 2006).  Those with shorter latencies to feed were more 
neophilic than those with longer latencies. 
Other studies divide reactions to novelty into three nominal categories—
neophobic, intermediate, and neophilic—based on quantitative scores, where 
each category is operationally defined by the researcher.  For example, the 
locomotion of sister rats, Rattus norvegicus, was measured after they were 
placed in a novel environment (Cavigelli, Yee, & McClintock, 2006).  The authors 
then designated the two most active sisters as ‘neophilic’, the two least active 
sisters as ‘neophobic’, and those closest to the family mean as ‘intermediate’.  At 
times in the literature, neophobia and neophilia are used interchangeably with 
shyness and boldness.  Pumpkinseed sunfish, Lepomis gibbosus, for instance, 
were described as either shy, intermediate, or bold, after their reactions to a novel 
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threat and novel food source were recorded (Coleman & Wilson, 1998). Sunfish 
that fled from the novel stimuli every time were labeled ‘shy’, ‘intermediate’ 
individuals did not flee each time, but on average never got closer than 5 cm from 
the object, and ‘bold’ individuals on average approached within 5 cm of the 
object.   
Personality Terminology 
 ‘Neophobia’ and ‘neophilia’ and ‘shy’ and ‘bold’ terminology were used in a 
similar manner in the previous sister rats and sunfish examples.  Measuring an 
individual’s level of neophobia or neophilia is only one of many ways to quantify 
behavioral types (Sih, Bell, & Johnson, 2004).  Behavioral types—also called 
personality traits (Gosling, 2001), behavioral syndromes (Sih, Bell, & Johnson, 
2004), behavioral reactions norms (Dingemanse, Kazem, Réale, & Wright, 2010), 
coping styles (Koolhaas et al., 1999), or temperaments (Réale, Reader, Sol, 
McDougall, & Dingemanse, 2007)—are behavior patterns that are consistent 
across contexts (Sih et al., 2004).  There is some variation within these 
personality terms.  For example, while behavioral syndromes are used to describe 
when the same behavior (e.g. aggression) is correlated across different contexts, 
it can also be used to describe when one behavior is correlated with another 
behavior (e.g. aggression and boldness) across different contexts (Dingemanse et 
al., 2007).  Behavioral reaction norms, on the other hand, are consistent 
reactions in a single (social) context, but not necessarily across contexts 
(Agrawal, 2001).   
In addition to several personality terms, there are multiple described 
continuums in the animal personality literature, including the 
neophobia/neophilia, fast/slow explorers, shy/bold, extrovert/introvert, 
proactive/reactive, approach/avoidance, and impulsive/deliberate continuums 
(Table 1, located in the Appendix at the end of the chapter).  Other measures to 
describe individual differences in reactions to stimuli include flight initiation 
distances (e.g. Altmann, 1958), fight/flight, and aggressive/defensive reactions.   
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As described earlier, the neophilia/neophobia continuum describes 
individuals that are either attracted to, or repelled by, new or unfamiliar objects.  
The approach/avoidance continuum is analogous in that individuals who are 
curious about a stimulus will approach it while individuals who are fearful of the 
stimulus will avoid it (McDougall, 1908).  Similarly, the shy/bold continuum 
(Wilson, Clark, Coleman, & Dearstyne, 1994) describes bold individuals as those 
that are attracted to risk and shy individuals as those who avoid risk.  Therefore, 
the difference between the shy/bold and neophobia/neophilia continuums is that 
for the shy/bold continuum, the stimulus or context is risky—it can be a risky 
predator encounter or risky habitat location as well.  This propensity to take risks 
is also often measured using presentations of novel stimuli or novel 
environments (e.g. Wilson et al., 1994).  
The reactive/proactive continuum (Koolhaas et al., 1999) is similar to the 
shy/bold continuum in that reactive individuals can be considered shy and 
proactive individuals can be considered bold (Sih, Bell, & Johnson, 2004). 
However, the reactive/proactive continuum is different in that it includes 
physiological measures.  Reactive individuals often have low testosterone, high 
parasympathetic reactivity, and low sympathetic reactivity in response to 
threatening stimuli.  In contrast, proactive individuals have high testosterone, 
low parasympathetic reactivity, and high sympathetic reactivity (Koolhaas et al., 
1999).  Thus, this continuum better addresses the stress levels of individuals in 
novel or threatening situations.   
The fast/slow explorer continuum addresses latencies to approach stimuli, 
and can sometimes be tested for correlations with other physiological measures.  
For example, great tits, Parus major, were pre-selected for being ‘fast’ or ‘slow’ 
explorers based on their scores in a novel object test and an open arena test 
(Carere, Groothuis, Mostl, Daan, & Koolhaas, 2003).  Individual tits were then 
placed in a social stress test, where they were introduced to an aggressive male.  
Corticosteroid metabolites were measured the day before the introductions as 
well as on the day of and the day after confrontations.  The less aggressive and 
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more cautious ‘slow explorers’ had a greater corticosteroid response to the 
aggressive confrontation of another male tit compared to the more aggressive and 
bolder ‘fast explorers’.   
An individual’s aggressive or non-aggressive (defensive) reactions to novel 
or threatening stimuli can also be indicative of personality.  For example, 
researchers measured the reactions of domestic cats, Felis catus, to several 
threatening stimuli including a novel room and the recording of a conspecific 
threat vocalization (Adamec, Stark-Adamec, & Livingston, 1983).  The cat’s 
exploration of the room and defensive posturing to the vocalization were 
measured.  Subsequently, their scores in these tests were compared to how the 
cats reacted to a prey species, a rat.  Cats that exhibited more defensive postures 
to the conspecific vocalizations and little exploration of the novel room reacted 
non-aggressively/defensively to the rat compared to cats that had higher 
exploration levels in the novel room and less defensive posturing (Adamec et al., 
1983).  In general, individuals who are more aggressive show a more active 
response to aversive stimuli and try to remove themselves from the source of 
stress or harm, while non-aggressive (defensive) individuals react more passively 
with immobility (Benus, Bohus, Koolhaas, & van Oortmerseen, 1991). 
Aggressive or defensive reactions are similar to fight or flight reactions.  
The fight or flight response is an active response to a threatening stimulus, such 
that ‘fighting’ individuals approach, posture, and/or defend their position, while 
‘fleeing’ individuals withdraw and try to avoid the threat (Cannon, 1915).  Some 
describe the fight or flight responses interchangeably as an active coping style to 
stressors (e.g. Koolhaas, 2008).   
Less Frequently Used Descriptors for Individual Differences  
Extroversion and introversion are typically discussed in the human personality 
literature, but correlates are also observed in animals (reviewed in Gosling & 
John, 1999).  Individuals high in extroversion can be more social, assertive, and 
or active, compared to introverted individuals.  For instance, in a survey of 
personality traits, gorillas, Gorilla gorilla, that were scored as being more active, 
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playful, curious, and sociable by their zookeepers were considered more 
extroverted than less social and non-active gorillas (Gold & Maple, 1994).   
 Flight initiation distance can also be indicative of species and/or 
individual differences in responses to stimuli.  Flight initiation distances refer to 
the distance an individual allows a threat to approach without causing it to flee.  
Originally described by Hediger in 1934, a long flight initiation distance is 
indicative of a shy individual and a short flight initiation distance is indicative of 
a bold individual (Altmann, 1959).  More recent analyses of flight initiation 
distances suggest that species differences are more prevalent than individual 
differences (Runyan & Blumstein, 2004).  Nevertheless, there are some 
exceptions, as is the case for individual burrowing owls, Athene cunicularia, who 
exhibited high individual repeatability in flight initiation distances when human 
threats approached (Carrete & Tella, 2010). 
Additionally, individual differences in speed and accuracy when 
responding to stimuli has been tested in several species.  Individuals can make 
‘fast-and-sloppy’ (Chittka, Skorupski, & Raine, 2009) or ‘impulsive’ (Davis & 
Burghardt, 2007) decisions or, in contrast, can make ‘meticulous and slow’, or 
‘deliberate’ decisions.  For example, red-bellied cooters, Pseudemys nelsoni, were 
trained in a novel food acquisition task, where individuals had to choose between, 
and knock over, bottles to obtain food (Davis & Burghardt, 2007).  Over the 
duration of the experiment, there was variation in the amount of time it took 
individuals to knock over the bottles.  Some turtles were ‘impulsive,’ swimming to 
the bottles and knocking them over without regard for which one had food 
underneath.  Others were ‘deliberate,’ pausing to look at both bottles before 
knocking one down.  Impulsive turtles had lower success rates compared to 
deliberate turtles.  The authors suggested that these differences may be related to 
the turtle’s ability to learn the task or it may be associated with individual 
differences.  Similarly, when presented with a maze, ‘hasty’ guppies, Poecilia 
reticulata, were more likely to make inaccurate decisions compared to 
individuals who were careful and slower to make decisions (Burns & Rodd, 
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2008).  Few studies have directly tested the links between such differences in 
speed and accuracy with other behavioral traits, such as neophobia/neophilia or 
shyness/boldness.  However, in one study of three-spined sticklebacks, 
Gasterosteus aculeatus, bold fish placed in a T-maze with a food reward were 
quicker to make the correct decision compared to shy fish, but boldness was not 
related to accuracy over time (Mamuneas, Spence, Manica, & King, 2014).  Taken 
together, these studies raise the question of how cognitive abilities influence 
individual behavioral traits. 
Overall, for the purposes of this dissertation, the behavioral types 
‘neophobia’ and ‘neophilia’ will be used to describe animals when only presenting 
novel stimuli and the behavioral types ‘shy’ and ‘bold’ will be used to differentiate 
between behavioral reactions when comparing presentations of novel and 
predator stimuli.  No physiological measures were collected, so the 
proactive/reactive and slow/fast explorer continuums are not appropriate.  
History of Personality and Novelty Research in Animals 
Before discussing the current research on novelty, it is important to understand 
the history of this field of research.  The study of individual differences in 
behavioral reactions is not a new topic.  Researchers have been observing how 
individual animals differentially react to stimuli since at least the late 1800s.  
Consider this observation by Charles Darwin (1874) regarding how several 
primate species reacted to a predator model and various novel objects:  
“…I took a stuffed and coiled-up snake into the monkey-house at 
the Zoological Gardens, and the excitement thus caused was one of 
the most curious spectacles which I ever beheld. Three species of 
Cercopithecus were the most alarmed; they dashed about their 
cages and uttered sharp signal-cries of danger, which were 
understood by the other monkeys. A few young monkeys and one 
old Anubis baboon alone took no notice of the snake…These 
monkeys behaved very differently when a dead fish, a mouse, and 
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some other new objects were placed in their cages; for though at 
first frightened, they soon approached, handled and examined 
them” (p. 81). 
Similar to this example, many of the early descriptions of animal personality were 
anecdotal.  For instance, in L. R. Talbot’s descriptions of his experiences as a 
newly-licensed bird bander, he suggested that the birds he was trapping showed 
their ‘personality’ when he observed the different levels of motivation for birds to 
fly through a small opening to get into a gathering cage (Talbot, 1922).  Len 
Howard, who, like Talbot, enjoyed birding, but kept them as pets instead, wrote a 
book entitled Birds as Individuals (Howard, 1953).  Howard spent years feeding 
and observing many species and began to recognize them by their individual 
characteristics, including by their plumage, individual mannerisms, facial 
expressions, and other idiosyncrasies (Howard, 1953). 
 Other early observations of ‘personality’ were experimental.  For example, 
in 1935, Ivan Pavlov studied differences in dog temperaments and related it to 
how individual dogs dealt with stress (reviewed in Strelau, 1997).  Rats were also 
placed into novel arenas, or ‘open-field tests’ and their reactions or ‘emotionality’ 
were measured, based on activity levels and physiological measures, such as 
urination and defecation (Hall, 1934).  There were individual differences in how 
rats responded to the open field test and the open field became less novel to them 
the more often they experienced it.   
A similar line of research compared the personalities of blackbirds, 
including brown-headed cowbirds, Molothrus ater, starlings, Sturnus vulgaris, 
red-winged blackbirds, Agelaius phoeniceus, and common grackles, Quiscalus 
versicolor, and their reactions in an observation cage (Burtt & Giltz, 1969).  The 
authors measured each bird’s activity in the cage based on several counts, 
including the number of location changes, hops, and time spent active on the 
floor, which resulted in a composite score.  A small score indicated that the bird 
had greater ‘complacency’ compared to a larger score, which indicated ‘agitation’.  
Because many birds were trapped repeatedly, the authors were able to determine 
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that some individuals were more ‘complacent’ than others.  Thus, individuals 
were considered to exist on a complacency-agitation continuum, a continuum 
that resembles the neophobia/neophilia and shy/bold continuums in the 
literature today. 
Other researchers were noticing similar continuums in other species.  
Prior to being described as neophobia, fearful reactions to new objects were 
called ‘new object reactions’ (Barnett, 1963).  These new object reactions were 
observed by researchers studying pest species, such as creeping voles, Microtus 
oregoni, rats, Rattus rattus, common shrews, Sorex araneus, common mice, Mus 
musculus, and brown lemmings, Lemmus trimucronatus, whose populations 
fluctuated mysteriously during World War II and were of interest due to their 
plague-carrying abilities (Barnett, 2001).  Many researchers observed that some 
individuals were easy to trap, while others required several days before they 
would approach the traps and get caught (e.g. Merry, 1949).  This long latency to 
approach the traps was thought to be due to a fear of the trap itself, because it 
was an object with which individuals were not familiar.  S. A. Barnett, who coined 
the phrase ‘new object reaction’ later started calling it neophobia, when he 
noticed that the reactions were not always due to an ‘object’ (Barnett, 1954).   
Animals were frequently used by researchers studying human social and 
personality psychology during the 1930s through 1950s, though for almost 40 
years subsequently, the research of non-human animal personality was not as 
popular of a topic (reviewed in Weinstein, Capitanio, & Gosling, 2008).  This was 
likely due to individual differences in reactions being considered noise around an 
adaptive mean (Bell, 2007; Wilson, 1998).  However, this did not prevent some 
researchers from measuring consistent individual differences in various species.  
For example, common garter snakes, Thamnophis radix, were found to have 
consistent individual differences in antipredator displays, and were discussed in 
terms of personality (Arnold & Bennett, 1984).  Similarly, young common garter 
snakes exhibited consistent preferences for one of two novel prey cues, either 
minnow extract or redworm extract, and this was attributed to stable individual 
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differences (Burghardt, 1975).  In addition, the personality traits of animals in 
applied fields received some attention.  Researchers, for instance, were interested 
in Holstein cow, Bos taurus, temperaments and how they were related to social 
dominance, as more docile cows were easier to milk (Dickson, Barr, Johnson, & 
Wieckert, 1970).  Similarly, measuring the fearfulness of individual dogs was 
imperative in determining whether they would make suitable guide dogs 
(Goddard & Beilharz, 1984).  Additionally, some studies discussed individual 
differences in reactions to stimuli, without directly discussing them in a 
personality context.  Interest in individual differences in animal personalities and 
their consequences was revived starting in the 1980s and since then, almost 70 
different species’ personalities have been studied, ranging from ants to gorillas 
(reviewed in Gosling, 2001).   
How to Measure Neophobia and Neophilia 
With so many personality-related terms, some overlapping in meaning, it can be 
difficult to arrive at a methodological consensus (Carter, Feeney, Marshall, 
Cowlishaw, & Heinsohn, 2013).  Historically, there were two methods for testing 
an individual animal’s reaction to novelty.  If a researcher were interested in how 
an individual reacted in a novel environment, the animal would be introduced to 
a forced exploration task called an open-field test, which consisted of an open 
space with walls that prevented the animal from escaping.  These tests were first 
utilized by Calvin Hall to measure the emotionality of rats, Rattus norvegicus 
(1934).  There are a range of possible measurements in this task, including 
locomotion, time spent not moving, field areas visited, counts of species-specific 
behavior (e.g. sniffing, digging, grooming), as well as physiological reactions, 
such as defecation, urination, or heart rate (reviewed in Walsh & Cummins, 
1976).  Latency to habituate to the novel stimulus (e.g. Rodríguez-Prieto, Martín, 
& Fernández-Juricic, 2010) as well as sensitization or enhancement of neophobia 
(e.g. Robbins, 1980) could also be measured.  Researchers could also place a 
novel object in an open field test and measure an individual’s latency to approach 
or explore the novel object after being habituated to the open-field (e.g. Heyser & 
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Chemero, 2012).  A caveat of this approach, however, is that some measured 
behavior, such as an increase in locomotion, may indicate an increase in 
exploratory behavior, though, it could also be correlated with an individual’s 
attempt to escape from the novel arena (Corey, 1978; Walsh & Cummins, 1976).   
A stronger method of measuring reactions to novelty is a free-choice task, 
such as an apparatus that has several compartments, where a novel stimulus can 
be placed in one compartment, thus allowing an animal the opportunity to go to 
another compartment to avoid it, if desired, or remain in the compartment and 
explore it (e.g. Griebel, Belzung, Misslin, & Vogel, 1993).  This method allows for 
an easier interpretation of the approach to, and avoidance of, novel stimuli 
compared to the open-field test (Corey, 1978).  Several variables can be measured 
using this method, including latencies to approach and manipulate the object, 
duration of exploration, and the number of visits to the novel object to explore it 
(Greenberg & Mettke-Hofmann, 2001).  
The free choice tasks described above are employed in laboratory settings.  
An equivalent method for testing for reactions to novel stimuli in an animal’s 
natural environment is to place the stimulus on or near a location that 
individuals frequently visit during baseline contexts when no stimulus is present, 
or by providing an incentive, such as food, and measuring latencies to approach 
(e.g. Greenberg, 1983; Lendvai, Bókony, & Chastel, 2011; Visalberghi, Janson, & 
Agostini, 2003).  For example, Visalberghi and colleagues (2003) presented novel 
foods and novel objects to wild tufted capuchins, Cebus apella, on platforms near 
the location where they were accustomed to foraging and approach latencies were 
measured.  Similarly, novel objects were placed on top of the nest boxes of female 
house sparrows, Passer domesticus, and measurements of their latencies to 
approach the stimulus and enter the nest box to feed their young were taken 
(Lendvai et al., 2011).  In these examples, individuals were given the free-choice 
to avoid the novel stimuli or approach. 
While determining whether to conduct stimulus presentations in natural 
settings or laboratory settings is important, it is also important to consider the 
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type of stimuli presented when measuring novelty reactions.  A stimulus that is 
neutral and novel is ideal for neophobia and neophilia experiments.  For 
example, Greenberg (1983) presented variously sized leaves to warbler species 
near a food source and measured their latencies to approach.  Leaves were a 
natural occurrence in their environment, though large leaves were not.  In 
contrast, a stimulus that is novel, but that can be associated with risk, such as a 
novel predator model, is not necessarily measuring neophobia and neophilia, but 
rather is measuring an individual’s boldness or shyness levels (Wilson et al., 
1994).  However, the shy/bold continuum can be used to describe reactions to 
neutral, novel stimuli if these stimuli are presented in a context where there is 
likely foraging or predation risk (van Oers & Naguib, 2013).  For example, if by 
exploring the novel leaves presented, warblers were required to forage out in the 
open, where predation threat was greater, their behavior would better be 
described as shy or bold, depending on their latencies and/or frequencies to 
approach.  Similar comments can be made for sunfish exploring a new trap 
baited with food; if by exploring the trap, it puts individuals at risk, the shy/bold 
continuum is more appropriate than neophobia and neophilia (Wilson et al., 
1994). 
Habituation and Dishabituation 
 Habituation, or the diminishment of a response to stimuli, can occur with 
repeated tests (van Oers, Klunder, & Drent, 2005).  For example, Tinbergen and 
Lorenz conducted seminal experiments in 1937, where they presented young 
birds with cardboard silhouettes of variously shaped birds (reviewed in Schleidt, 
Shalter, & Moura-Neto, 2011).  Some silhouettes had long necks, such that when 
it ‘flew’ in one direction, it looked like a goose was overhead, yet when it flew in 
the opposite direction, it looked like a hawk with a long tail was flying overhead.  
With repeated trials, young birds slowly failed to react to the stimuli, regardless 
of the bird silhouette, thus illustrating habituation.  Habituation to novel stimuli 
can also occur.  For example, green warblers, Sylvia borin, were less exploratory 
after subsequent presentations of novel stimuli (Mettke-Hofmann, Rowe, 
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Hayden, & Canoine, 2006).  Additionally, some researchers have tested whether 
there were individual differences in habituation rates.  Individual habituation 
rates of Eastern chipmunks, Tamias striatus, for example, were tested in a novel 
environment, though, no individual differences in habituation were observed 
(Martin & Réale, 2008).  On the other hand, male house sparrows habituated to 
novel stimuli faster than female house sparrows, but after controlling for sex, 
there were no individual differences in house sparrow habituation rates 
(Ensminger & Westneat, 2012). 
 Dishabituation of stimuli, or the return of an original response, can also 
occur.  For example, gorillas were given an olfactory discrimination test, where 
cotton balls with an almond scent were presented over four trials, with the fifth 
trial being a cotton ball with vanilla scent (Hepper & Wells, 2012).  The gorillas 
responded by licking and chewing the cotton balls, and this response habituated 
across trials, with decreasing licking and chewing.  However, this behavior 
dishabituated when presented with a novel vanilla scent, such that gorillas 
increased their licking and chewing to the new scent.  The dishabituation to the 
new scent demonstrated that individuals could discriminate between the two 
olfactory stimuli.  Taken together, both habituation and dishabituation can 
influence reactions to stimuli, including novel stimuli, thus influencing 
neophobic and neophilic reactions.  However, there are a number of other 
influences on neophobia and neophilia, which will be outlined below. 
Influences on Neophobia and Neophilia 
Researchers have been testing for individual and/or species differences in 
reactions to novel and/or threatening stimuli for over two centuries, presenting 
individuals with a variety of stimuli, both in the field and in the laboratory. 
Consequently, there is mounting evidence that neophilic and neophobic 
tendencies affect many aspects of an individual’s life.  A useful way to categorize 
these influences is at the species-, group-, and individual-levels.  On the species 
level, foraging habits and migration patterns can influence how individuals react 
to novelty.  Within-species, at the population or group level, social context and 
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group composition can influence reactions to stimuli.  Similarly, individual 
differences, including, age and intraspecific dominance positions, can influence 
individual-level reactions to novel or threatening stimuli.  Examples of these 
influences are discussed below.   
Species-level Influences on Novelty Reactions 
Foraging Niche-Generalists or Specialist? 
An animal’s foraging niche has been shown to be correlated with responses to 
novel objects, such that generalist species tend to be more neophilic compared to 
specialist species (Greenberg, 1983).  For example, two species of Neotropic 
migrant warblers, bay-breasted warblers, Dendroica castanea, and chestnut-
sided warblers, Dendroica pensylanica, differ in their foraging behavior.  Bay-
breasted warblers are opportunistic generalist foragers, eating from a greater 
diversity of plants, foraging from a greater height range, and gleaning food off of 
a greater diversity of substrates, compared to chestnut-sided warblers who are 
more specialized in their foraging ecology (Greenberg, 1983).  Generalist species, 
therefore, are likely to have more experience visiting novel microhabitats and 
eating novel foods and, as such, are predicted to be less neophobic around novel 
microhabitats and novel stimuli.   
 Greenberg (1983) conducted a captive experiment testing whether there 
were differences in foraging behavior between the two species when live 
mealworms were hidden in novel microhabitats.  Both species were found to 
approach the food with similar frequency, but, the generalist bay-breasted 
warblers had more success obtaining the mealworms.  The specialist chestnut-
sided warblers would typically approach and fly away, and showed more 
hesitation, suggesting a neophobia of the novel microhabitat.   
Similar results have been found when comparing other avian generalists 
versus specialists (Greenberg, 1990b; Webster & Lefebvre, 2000) as well as 
between a primate generalist and specialist (Bergman & Kitchen, 2009).  
However, this correlation between generalist species and increased neophilia is 
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not the case for all generalist species.  Novel objects were placed near feeding 
stations and the latencies to feed and number of visits to the feeder were 
observed for a large assemblage of foraging birds in Argentina (Echeverria, 
Vassallo, & Isacch, 2006).  One of the prevalent generalist species, the house 
sparrow, Passer domesticus, showed a neophobic response to the novel stimuli, 
contrary to prediction.  The authors suggested that other variables, such as age of 
the bird (and therefore its environmental experience) and the simplicity and 
predictability of the environment may have influenced species reactions.  Another 
possibility, not addressed by the authors, was that there were size-based 
interspecific dominance relationships between species participating in the 
assemblage, which may have influenced how the generalist house sparrows 
reacted to the novel stimuli.   
Migration Patterns 
Species that migrate are more likely to encounter a larger variety of microhabitats 
and novel stimuli compared to resident species that only need to be familiar with 
their local environment.  Even though they may only spend a short amount of 
time at any one location during migration, migratory animals are still required to 
explore novel areas to find shelter and food.  As such, the migrant-neophobia 
hypothesis predicts that migrants should be less neophobic than resident birds 
when introduced to a novel environment (Mettke-Hofmann & Greenberg, 2005).  
For example, when comparing two closely related warbler species, one residential 
and one migratory, researchers found that the migratory birds were quicker to 
enter a novel room and had greater levels of exploration of the room (Mettke-
Hofmann, Lorentzen, Schlicht, Schneider, & Werner, 2009).  This is observed 
within species, too, as was the case for resident and migratory blue tits, Cyanistes 
caeruleus, when presented with a novel object.  Migrant individuals had shorter 
latencies to approach, and thus were considered less neophobic than resident 
individuals (Nilsson, Nilsson, Alerstam, & Bäckman, 2010). 
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Group-Level Influences on Novelty Reactions 
Social Context: Alone or With Conspecifics? 
The presence or absence of other individuals can influence how group members 
respond to novel or threatening stimuli (reviewed in Webster & Ward, 2011).  The 
presence of conspecifics may reduce stress in social species, and thus facilitate 
the approach to a novel food or stimulus compared to when an individual is 
tested alone (Greenberg, 1990a).  For example, capuchin monkeys, Cebus apella 
were more likely to try a novel food in the presence of conspecifics compared to 
when they were alone (Visalberghi & Addessi, 2000).  However, contrasting 
results were found in zebra finches, Taeniopygia guttata.  One experiment found 
that finches were more likely to forage from a feeding station with a novel object 
nearby when they were in a group compared to when they were alone (Coleman & 
Mellgren, 1994).  Yet, a later study tested zebra finches’ reactions to a novel 
environment (measured by number of feeders visited) and a novel object 
(measured by approach) and showed that individuals decreased their exploratory 
behavior in both contexts in the presence of conspecifics (with three males as well 
as with three females) compared to when individuals were alone (Mainwaring, 
Beal, & Hartley, 2011).  Similarly, common ravens, Corvus corax, were also 
quicker to approach novel objects when they were alone compared to when they 
were in pairs or larger groups; however, they spent more time exploring and 
manipulating the novel object in social contexts (Stöwe, Bugnyar, Heinrich, & 
Kotschal, 2006).  A possible explanation for solitary birds being more neophilic is 
that in the groups, the focal bird and their flock mates respond to the novel 
context, and any hesitation or fear may be due to a contagious phenomenon 
where the reaction of one individual spreads quickly to the rest of the flock (Sirot, 
2006; Mainwaring, Beal, & Hartley, 2011).  If contagion of a behavioral reaction 
is at work, it suggests that the composition or ratio of neophobic and neophilic 
individuals in the group is also important.   
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Group Composition 
Several studies have tested how the composition of behavioral types influences 
group dynamics (reviewed in Webster & Ward, 2011).  For example, young perch, 
Perca fluviatilis, were tested for behavioral differences in feeding behavior 
(number of prey attacks) and habitat use, first when they were randomly assorted 
into mixed behavioral type groups and then again after they had been divided 
into three groups based on their behavioral type: bold, intermediate, or shy 
(Magnhagen & Staffan, 2005).  Shy perch had the greatest behavior change 
observed after being introduced to their new group: they increased the number of 
prey they attacked and utilized more of their habitat compared to when they were 
in the mixed-group.  When bold individuals were introduced to their new groups, 
they modified their habitat use, decreasing the amount of time they spent out in 
the open.  Intermediate individuals did not change their behavior once placed in 
their new groups.  Thus, the mix of behavioral types in the group can influence 
individual behavior. 
While these studies have looked at the influence of group behavioral type 
compositions on behavior, few studies have tested specifically how group 
composition affects reactions to novel stimuli.  One study, however, manipulated 
the composition of behavioral types (shy versus bold) in shoaling guppies, 
Poecilia reticulata, and found that composition influenced fishes’ latencies to 
approach a novel feeder (Dyer, Croft, Morrell, and Krause, 2009).  Individuals in 
groups with a mix of both behavioral types were quicker to approach the novel 
feeder compared to individuals in groups with just shy individuals or just bold 
individuals.  This suggests that a variety of behavioral types may be beneficial in 
groups or populations, particularly in variable environments where encounters 
with novel stimuli may be more likely.  
Intraspecific Dominance 
Dominance hierarchies within a group can influence how individuals react to 
novel stimuli.  Subordinate individuals are more likely to take risks in their 
environment if dominant individuals are exploiting and defending less risky and 
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beneficial resources (Ficken, Weise, & Pop, 1990; Greenberg, 2003; Wilson et al., 
1994).  For example, studies of corvids show that subordinate individuals forage 
in peripheral and sometimes novel areas, compared to dominant individuals 
(Katzir, 1982).  As such, they have more experience with novel stimuli and are 
predicted to be more neophilic than their dominant conspecifics.   
However, not all species exhibit this trend where subordinate individuals 
are relegated to approach novel stimuli first. For example, female rats, Rattus 
norvegicus, when presented with a novel food in triads, did not exhibit the 
tendency for subordinates to be more neophilic (Nott & Sibly, 1993).  Dominant 
rats were found to have a shorter latency to feed from novel, highly palatable 
foods compared subordinate rats.  These authors suggested that subordinate 
individuals may reduce their exploratory behavior in order to reduce possible 
contact with dominant individuals. Similarly, when breeding pairs of coyotes, 
Canis latrans, were presented with novel stimuli, dominants were the first to 
approach novel stimuli near a familiar food source compared to subordinates 
(Mettler & Shivik, 2006).  These studies suggest that in some species, dominance 
and neophilia may be correlated, such that dominant individuals are more likely 
to take risks than subordinates.  
Individual-Level Influences on Novelty Reactions 
Age 
Young animals are born or hatched into a completely novel environment, and if 
the animal is young, it has the opportunity to explore prior to becoming self-
reliant.  Juveniles, who are born with little to no information, are able to gather 
information about their environment while their parents can provide protection 
from predators (Greenberg & Mettke-Hofmann, 2001).  As such, individuals are 
predicted to be more neophilic when they are juveniles compared to when they 
are adults (Kummer & Goodall, 1985).  In general, neophilia is expected to be 
high until an individual becomes familiar with their natal environment, and then 
a switch to neophobia occurs (Greenberg & Mettke-Hofmann, 2001).  For 
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example, eight species of birds were hand-reared and their fear responses to 
various stimuli, including moving their nests outside, presenting a whistle sound 
similar to an adult predator call, and handling, did not illicit neophobic responses 
when birds were around one week old (Barraud, 1961).  Birds began exploring 
around 16-18 days old, during which they would crane their necks, twist their 
bodies, and scan their environment.  This positive correlation between age and 
neophobia has been observed in many other species, including raptors (Biondi, 
Bó, & Vassallo, 2010) and some non-human primates (Visalberghi, Janson, & 
Agostini, 2003; Fu et al., 2013).   
 When animals are younger, they often exhibit more play behaviors 
compared to when they are older (Burghardt, 2005).  Exploration of stimuli has 
often been confused with play behavior.  However, there are  some key 
distinctions.  Individuals who are exploring an object or context typically have 
stereotyped behavior, are more deliberate in their attention, have a neutral or 
negative affect associated with the object, and have low heart rate variability 
(Burghardt, 2005).  In contrast, individuals playing with an object, do so with a 
familiar object, have more variable attention, have positive affect, and have high 
heart rate variability.  Therefore, exploration of an object can lead to play with the 
object, and this is more frequently observed in juveniles compared to adults. 
 Nevertheless, there are some instances where a positive correlation 
between age and neophobia is not observed.  For example, seven different species 
of callitrichid monkeys housed in family groups of various ages were given novel 
puzzle boxes with food (Kendal, Coe, & Laland, 2005).  Latencies to first contact 
the puzzle box, the researchers’ neophobia measure, were not correlated with age.  
Nevertheless, adults were more likely to be the first to succeed in opening the box 
compared to younger individuals, which suggested a higher level of exploration 
and/or innovation.  These results suggest that in some species, neophilia does not 
have age boundaries, and may be related to other factors, including social 
learning, or social role in the group (not tested).  Similarly, in Gouldian finches, 
Erythrura gouldiae, older flock members had shorter latencies to approach novel 
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stimuli compared to younger flock members, perhaps because of their roles as 
flock leaders (Mettke-Hofmann, 2012). 
 Age-related influences on responses to novelty apparently may not be as 
easily defined.  Group-level influences may also be in effect, such as social 
context, or social learning may be occurring (as may be the case for the adult 
callitrichid monkeys being the first to contact a food puzzle box).  Additionally, in 
the case of the comparative bird study (Barraud, 1961), perhaps simpler motor 
and perceptual issues were at play, which influenced individual reactions to novel 
stimuli over time.  However, early experiences with novelty are known to impact 
responses to novelty later in life (e.g. Cavigelli & McClintock, 2003), therefore, 
age-related influences are important to consider. 
Intraspecific Dominance 
Intraspecific dominance can also affect neophobia on the individual-level.  For 
example, in black-capped chickadees, Poecile attricapillus, subordinate 
individuals are less neophobic (have shorter approach latencies) in novel contexts 
compared to their dominant conspecifics (An et al., 2011).  Similarly, when tested 
alone in a novel environment and subsequently paired with another unknown 
individual, male mountain chickadees, Poecile gambeli, were more likely to be 
become dominant during the encounter if they were low-explorers and visited 
fewer locations during their test in the novel environment (Fox, Ladage, Roth, & 
Pravosudov, 2009).  This indicates that individual dominance status within a 
group may be influenced by other factors, including neophobia.  It also reiterates 
the potential influence of social context (alone versus with a conspecific) on 
neophobic reactions.   
Vocal Behavior: Another Possible Novelty Response Measure 
Most of the previously conducted novelty experiments have measured latencies to 
approach a novel object or level of exploration of a novel environment.  Another 
possible, but only recently addressed, measure that could be correlated with 
behavioral responses to novelty, is vocal behavior.  In the human literature, 
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personality traits can be recognized directly from vocal conversations (Mairesse, 
Walker, Mehl & Moore 2007).  For example, high speech rates and longer, more 
repetitive conversations are often indicative of an extroverted personality 
(Mairesse et al. 2007).  Whereas in the animal literature, there are few studies 
that directly test whether vocal behavior is correlated with responses to novelty, 
recent research on several Parid species suggests that vocal behavior patterns are 
maintained across situations (Harvey & Freeberg, 2007) and that they are 
correlated with behavioral types (e.g. Guillette & Sturdy, 2011).  For example, in 
black-capped chickadees, Poecile atricapillus, there was a positive correlation 
between the production of non-reproductive calls (alarm and chick-a-dee calls) 
and exploratory behavior during a stressful context, suggesting that the more 
neophilic individuals are more vocal (Guillette & Sturdy, 2011).  The opposite was 
found for songs in great tits, Parus major, during the breeding season; there was 
a negative correlation between the exploratory behavior of an unknown intruder 
and its singing rates (Amy, Sprau, de Goede, & Naguib, 2010). Another study 
using great tits found a sex difference in calling behavior, such that singing 
behavior was correlated to exploratory behavior of a novel environment in males, 
but not females (Naguib, Kazek, Schaper, van Oers, & Visser, 2010).  Overall, 
these studies suggest that behavioral types are correlated with vocal behavior, 
and that different vocal strategies may be used in association with various 
stimulus types and during different contexts (e.g. breeding season versus non-
breeding season).  
Vocal behavior is an important consideration because it is a ubiquitous 
behavior and provides information beyond what individual presence and latency 
measures alone can provide.  Therefore, when studying reactions to novelty, 
including vocal behavior as a measure may give greater power, or may make 
detection of individual differences more robust.  For example, perhaps two 
animals both have the same latency to approach a novel object, but one produces 
more calls or has a shorter latency to call compared to the other.  In this case, it 
would be possible for an extrovert/introvert-like dimension to exist, with an 
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individual that calls often and in several contexts being an extrovert and an 
individual that calls sparsely across contexts being an introvert.  This idea differs 
from common definitions of extroverted and introverted animals, however.  In 
the animal personality literature, extroversion has been linked to sociability and 
activity-based descriptions, such as ‘vivacity’, ‘lively temperament’ and ‘energy’ 
(Gosling & John, 1999).  Extroversion has not been linked to vocal behavior so 
commonly in the non-human animal literature (Mairesse et al. 2007).  In 
essence, vocal behavior, categorized using the extroversion/introversion 
continuum, may be distinct from the neophobia/neophilia continuum that 
strictly measures reactions to novelty.  However, a difference in vocal output, but 
no significant difference in approach latencies, may be influenced by other 
factors, including inter- or intraspecific dominance or presence of other 
conspecifics.   
The Study System 
Members of the Paridae family (chickadees, titmice, and tits) have often been 
studied in the personality literature.  A majority of the research has focused on 
great tits, Parus major, (Carere, Drent, Privitera, Koolhaas, & Groothuis, 2005), 
though a few have studied other related species, including mountain chickadees, 
(e.g. Fox et al., 2009), black-capped chickadees, (e.g. Guillette & Sturdy 2009), 
and Carolina chickadees (e.g. Harvey & Freeberg, 2007). 
This dissertation research focuses on mixed-species flocks of Carolina 
chickadees and tufted titmice.  Chickadees and titmice form flocks during the late 
fall and winter in the eastern United States, along with other follower species 
such as white-breasted nuthatches, Sitta carolinensis, downy woodpeckers, 
Picoides pubescens, and hairy woodpeckers, Picoides villosus (Morse, 1970; 
Smith, 1991).  Members of such groups obtain many benefits including increased 
foraging efficiency and reduced predation risk (Berner & Grubb, 1985; Curio, 
1978; Krause & Ruxton, 2002; Lima, 1995).  There is an interspecific size-based 
social dominance hierarchy between these species such that tufted titmice are 
socially dominant over Carolina chickadees (Morse, 1970; Cimprich & Grubb, 
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1994).  This dominance hierarchy is based on agonistic interactions, including 
supplants. 
The chickadee and titmouse vocal system is ideal to study in order to 
determine if there are vocal correlates to behavioral types.  These species have a 
complex vocal system in which their most frequent non-reproductive 
vocalization, the chick-a-dee call, is made up of a distinct number of notes that 
follow strict note-ordering rules allowing for the production of a very large 
number of unique calls (Krams et al., 2012).  This chick-a-dee call is used 
commonly throughout the year by both males and females in a wide range of 
social contexts (Bloomfield, Phillmore, Weisman, & Sturdy, 2005; Owens & 
Freeberg, 2007).   The vocal system and note-usage of chickadees and titmice has 
been studied extensively.  The harsher, broadband ‘D’ notes of their chick-a-dee 
call can be used aggressively in predator and mobbing situations (Courter & 
Ritchison, 2009; Nolen & Lucas, 2009; Sieving, Contreras, & Maute, 2004; 
Sieving, Hetrick, & Avery, 2010; Soard & Ritchison, 2009), but can also be used 
to recruit flock mates to food (Mahurin & Freeberg, 2008).  According to 
motivation-structural rules (Morton, 1977), notes that are lower in frequency and 
broadband, such as ‘D’ notes, should signal potential aggression. These acoustic 
characteristics should also make them easy to locate, so the use of ‘D’ notes in 
calls may also function to recruit individuals to the location of the signaler for 
mobbing.  Additionally, when presented with live predator models of various 
sizes, black-capped chickadees varied the note composition of their calls in 
relation to the size of, or degree of threat related to, predators (Templeton, 
Greene, and Davis, 2005).  Similar results were obtained and similar 
interpretations were made for Carolina chickadees (Soard & Ritchison, 2009) 
and tufted titmice (Courter & Ritchison, 2010). 
 Because chickadees and titmice have a well-studied vocal repertoire, 
where arousal levels have been suggested to be related to ‘D’ note production (e.g. 
Mahurin & Freeberg, 2009), approach or avoidance reactions in the presence of 
novel stimuli may also be correlated with vocal ‘D’ note output.  Additionally, no 
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study to date has determined if there are species differences in approach latencies 
to novel stimuli between chickadees and titmice.  However, chickadees are more 
likely to approach risky predator models than are titmice (Nolen & Lucas, 2009), 
and therefore, by testing their reactions in the presence of novel stimuli, we may 
be able to better explain why these species differences were observed in a 
predator context. 
Outline of this Dissertation Work 
Considering the above, this dissertation aims to address whether there are 
species differences in chickadee and titmouse reactions to novel stimuli, and if so, 
determine why this may be the case.  Are differences due to species-level 
influences, such as foraging niche or is group-level composition an influence?  In 
addition to measuring approach latencies and approach rates, as is characteristic 
for neophobia research, I will be addressing the relatively unstudied possibility of 
vocal correlates to novel stimulus reactions.   
To address these questions, three experiments were conducted.  The first 
two experiments were conducted in the field and tested the foraging and calling 
behavior of chickadees and titmice first, in the presence of several novel stimuli 
(Chapter 2) and subsequently in the presence of either novel or predator stimuli 
(Chapter 3).  The final experiment was conducted in semi-naturalistic aviaries, 
where flock composition was manipulated and individual responses to novel and 
predator stimuli were measured (Chapter 4).  All experiments measured latencies 
to forage near the presented stimuli and foraging rates.  Additionally, because 
calling behavior was of interest, latencies to vocalize, calling rates, and ‘D’ note 
usage per call were also quantified.  Chapter 5 concludes this work with a 
discussion of the overarching findings and implications for future research. 
It is important to investigate how chickadees and titmice react to novel 
stimuli, both behaviorally and vocally.  With ever encroaching anthropogenic 
effects on natural habitats (Vitousek, Mooney, Lubchenco, & Melillo, 1997), it can 
be adaptive to be more neophilic, especially when neophobia may increase the 
time an individual spends, or completely prevent an individual from, finding a 
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mate (e.g. Sih & Watters, 2005), finding food (e.g. Rabinowitch, 1965 as cited in 
Coppinger, 1969), or finding shelter (e.g. Mettke-Hofmann et al., 2009).  
Additionally, because many species that share habitat with chickadees and 
titmice eavesdrop on their signaling systems, are known to be attracted to the 
location of their calls, and obtain useful information from their signals, 
chickadees and titmice are important sources of information for numerous 
species (Gunn, Desrochers, Villard, Bourque, & Ibarzabal, 2000; Hetrick & 
Sieving, 2009; Schmidt, Lee, Ostfeld, & Sieving, 2008; Sullivan, 1984; Templeton 
& Greene, 2007).  As such, the behavioral and vocal reactions of chickadees and 
titmice to novel and threatening stimuli may help to maintain mixed-species 
flocks.  Thus, this dissertation aims to determine whether there are differences in 
flock member reactions and possible reasons why these differences may exist.   
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Appendix: Tables 
Table 1.  Definitions of terminology 
 Definition Authors 
Personality “those characteristics of individuals 
that describe and account for 
consistent patterns of feeling, thinking, 
and behaving” 
 
Funder, 2004; 
p.5 
Behavioral 
Syndrome 
 
“suites of correlated behavior across 
situations” 
Sih, Bell, & 
Johnson, 2004; 
p. 372 
Temperament “individual behavioral differences 
[that] are repeatable over time and 
across situations” 
 
Reale et al., 
2007; p. 291 
Behavioral 
Reaction 
Norm 
“the set of behavioural phenotypes that 
a single individual produces in a given 
set of environments”; quick responses 
by individuals due to variation in the 
social environment 
Dingemanse et 
al., 2010; p. 51 
Agrawal, 2001;  
   
Avoidance an impulse that leads an animal to flee 
from a stimulus that elicits fear 
McDougall, 1908 
   
Approach 
 
an impulse that leads an animal to 
examine the stimulus that excites it 
more closely 
McDougall, 1908 
   
Long Flight 
Initiation 
Distance 
a farther distance to which a person 
can approach a wild animal and cause 
it to flee; indicative of shyness 
Altmann, 1958 
   
Short Flight 
Initiation 
Distance 
a shorter distance to which a person 
can approach a wild animal and cause 
it to flee; indicative of boldness 
Altmann, 1958 
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Table 1. Continued. 
 Definition Authors 
Aggressive “show an active response to aversive 
situations…in a social setting, they react 
with flight or escape when defeated; in 
non-social situations, they react with 
active avoidance of [aversive stimuli] and 
with sustained activity during an 
uncontrollable task” 
Benus et al., 
1991; p. 1008 
   
Non-
aggressive/ 
Defensive 
“adopt a passive strategy; in social and 
non-social aversive situations, they react 
with immobility and withdrawal” 
Benus et al., 
1991; p. 1008 
   
Fight active response to a threatening stimulus, 
resulting in the approach towards the 
threat and/or defense of an individual’s 
position 
Cannon, 1915 
   
Flight active response to a threatening stimulus, 
resulting in fleeing, or withdrawal from 
the threat 
Cannon, 1915 
   
Bold “thrive on risk and novelty”; “act 
normally or become actively exploratory 
in [unfamiliar situations]” 
 
Wilson et al., 
1994; p. 442 
Wilson et al., 
1993; p. 250 
Shy “shrink away from risk and novelty”; 
“react to unfamiliar situations by 
retreating or becoming quiet and 
vigilant” 
  
Wilson et al., 
1994; p. 442 
Wilson et al., 
1993 
Coping 
styles 
“a coherent set of behavioral and 
physiological stress responses which is 
consistent over time and which is 
characteristic to a certain group of 
individuals” 
 
Koolhaas et al., 
1999; p. 925 
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Table 1. Continued. 
 Definition Authors 
Proactive/ 
active 
coping style 
“fight-flight response…characterized by 
territorial control and aggression”, “low 
HPA-axis reactivity…but high 
sympathetic reactivity” 
 
Koolhaas et al 
1999; p. 925 
Reactive/ 
passive 
coping 
styles 
“conservation-withdrawal response… 
characterized by immobility and low 
levels of aggression”, “higher HPA axis 
reactivity and higher parasympathetic 
reactivity” 
Koolhaas et al 
1999; p. 925;  
p. 929 
   
Neophilia “instances of exploration in which 
investigation is elicited by an object’s 
novelty” 
 
Greenberg & 
Mettke-Hofmann 
2001; p. 125 
Neophobia “the avoidance of an object or other 
aspect of the environment solely because 
it has never been experienced and is 
dissimilar from what has been 
experienced in the individual’s past” 
 
Greenberg & 
Mettke-Hofmann 
2001; p.125 
Extrovert 
 
A personality factor with many 
correlating behavior types, including 
increased sociability, assertiveness, and 
activity 
 
Gosling & John 
2010 
Introvert A personality factor with many 
correlating behavior types, including 
decreased sociability, assertiveness, and 
activity 
Gosling & John 
2010 
   
Slow 
Explorer 
“Approach a novel object slowly, but 
explore it intensely, spending much time 
on exploration”; resembles a passive 
coping style 
 
Verbeek, Boon, & 
Drent 1996;  
p. 946 
Fast 
Explorer 
“approach a novel object fast, but explore 
it short and superficially”; resembles an 
active coping style 
Verbeek, Boon, & 
Drent 1996;  
p. 946 
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CHAPTER II 
THE DIFFERENTIAL REACTIONS OF CAROLINA 
CHICKADEES, POECILE CAROLINENSIS, 
AND TUFTED TITMICE, BAEOLOPHUS BICOLOR, 
TO NOVEL STIMULI 
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 A version of this chapter is in preparation to be submitted for review in a 
scientific, peer-reviewed journal.  My contributions to this work include: (a) 
helping to formulate the research idea and hypothesis (b) training the research 
assistants (c) designing the experiment (d) collecting data (e) doing the statistical 
analysis (f) interpreting results and (g) writing the manuscript.  Katherine 
Morrison, Suzanne Winters, and Carrie Newton-Hodge helped me with data 
collection.   
Abstract  
Attraction to, or avoidance of, novel objects can impact many aspects of an 
individual’s life, including its success in foraging, mating, and predator 
avoidance.  Often, neophobia and neophilia are studied in single-species groups.  
However, it is also important to consider neophobia and neophilia in mixed-
species groups, as these groups often consist of complex social relationships, such 
as interspecific dominance hierarchies, that can influence how individuals 
respond to stimuli.  We conducted an experiment to assess the vocal and 
behavioral reactions of mixed-species flocks of Carolina chickadees and tufted 
titmice to novel stimuli.  At feeding stations used by chickadees and titmice, we 
presented three stimuli of varying predicted novelty: a dog food bowl placed on a 
feeding station with bird seed in the bowl, a plastic dove model placed within 0.5 
meters of food, or a person standing 5 meters from the feeding station.  Seed-
taking latencies, call latencies, and vocalizations were recorded for each species.  
Seed-taking latencies were longer in the presence of novel stimuli compared to 
pre-stimulus baseline contexts without novel stimuli for both chickadees and 
titmice.  In the presence of novel stimuli, chickadees were quicker to vocalize and 
used more ‘D’ notes in their calls, compared to titmice.  These results suggest that 
chickadees may have a sentinel-like status in the flock.  This study is one of only a 
few studies that have tested the vocal reactions of individuals in the presence of 
novel stimuli.  As such, these results provide a foundation for future work 
exploring the functions of communicative differences in mixed-species flocks.    
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Introduction 
“Every bird is a personality.” 
(Schjelderup-Ebbe, 1935, p. 947) 
 
Individual birds decide to approach or not to approach objects thousands of 
times a day (Greenberg & Mettke-Hofmann, 2001).  Individuals may either be 
familiar with stimuli and therefore have habituated to them, or may have had 
little to no experience with the stimuli and consider them novel.  There are many 
costs and benefits associated with being neophobic or neophilic around novel 
stimuli.  Birds can benefit from neophilia by acquiring new information, however 
increased neophobia reduces the risk of predation (Brown, Ferrari, Elvidge, 
Ramnarine, & Chivers, 2013), risk of wasting time on information that does not 
immediately bring payoffs, or risk of illness (if a novel object is a poisonous food).  
Responses to novel objects can influence habitat selection, especially if there is 
seasonal migration or dispersal (Klopfer & Ganzhorn, 1985).  Additionally, 
neophilia can influence foraging success, especially in areas with high 
anthropogenic influence (Short & Petren, 2008).   
Studies to assess neophobia and neophilia have been conducted on a wide 
range of taxa including birds (Greenberg & Mettke-Hofmann, 2001), non-human 
primates (Visalberghi, Janson, & Agostini, 2003), mammals (Dalmau, Fabrega, & 
Velarde, 2009), fish (Galhardo, Vitorino, & Oliveira, 2012), and invertebrates 
(Mather & Anderson, 1999).  An equally important endeavor, however, is to use 
the comparative approach and test how mixed-species groups react to novel 
stimuli.  Mixed-species groups obtain many benefits including increased foraging 
efficiency and decreased predation threat (Krause & Ruxton, 2002).  For 
instance, associating with other ungulate species decreases the chance of 
Thomson’s gazelles, Gazella thomsoni, being attacked by cheetahs, Acinonyx 
jubatus, because predator detection is improved in larger groups (Fitzgibbon, 
1990).  Similarly, tropical herbivorous Acanthurid fish species are preyed upon 
less and have better feeding efficiencies because they are less vulnerable to 
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attacks from competitors when feeding in mixed-species groups rather than alone 
(Reinthal & Lewis, 1986).  As such, it is possible that groups also benefit from the 
presence of participating neophilic species.  To date, no experiments have tested 
chickadee and titmice reactions to novelty.  However, if there are species 
differences in reactions to novel stimuli, this may be an additional benefit 
accrued by members participating in mixed-species flocks of chickadees and 
titmice during the over-wintering months when food is less abundant.  
Most novelty studies are interested in changes in foraging behavior and/or 
approach behavior and do not address possible changes in communication.  But, 
for social species, changes in communication—including call types, rates, 
latencies, or note-types per call—could potentially impact flock behavior. No 
study has addressed whether vocal behavior is correlated with mixed-species’ 
reactions to novel objects, though a small set of studies has addressed the vocal 
correlates of reactions to novel objects in single-species groups (Amy et al., 2010; 
Guillette & Sturdy, 2011; Naguib et al., 2010).  For instance, Guillette and Sturdy 
(2011) presented black-capped chickadees with a stressful context (audio of a 
mobbing call) and found a positive correlation between calling behavior and 
exploration (neophilia) of a novel environment.  This suggests a link between 
vocal output and reactions to novelty in chickadees.   
Our study system, which consists of naturally-occurring mixed-species 
flocks of chickadees and titmice, was presented with three different novel stimuli: 
a dog food bowl filled with bird seed, a plastic dove model, and a person standing 
5 meters from a feeding station.  We wanted the stimuli to be salient, but not 
threatening.  Because larger sized objects can increase neophobic reactions 
(Greenberg, 1993), we chose to have the person stand 5 m from the feeding 
station, rather than within 0.5 m.  A 1o-minute pre-stimulus baseline was 
recorded prior to presenting each novel object on a feeding station for 10-
minutes.  Foraging latencies, calling latencies, and number of ‘D’ notes used per 
call were measured.  
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Predictions 
We used previous results to predict how chickadees and titmice would react to 
novel stimuli.  Chickadees and titmice are both considered generalist foragers 
(Lucas, Freeberg, Egbert, & Schwabl, 2006), mainly foraging for insects in the 
lower canopy and shrubs (DeGraaf, Tilghman, & Anderson, 1985).  As such, any 
observed differences in their reactions to novelty would not likely be related to 
their foraging ecology.  Their interspecific dominance status, however, may 
influence their foraging and calling latencies.   
Dominant individuals are known to restrict access to food for subordinates 
in numerous species, including bonnet macaques, Macaca radiata, (Boccia, 
Laudenslager, & Reite, 1988), sows (Brouns & Edwards, 1994), and willow tits, 
Parus montanus, (Ekman & Lilliendahl, 1993).  While none of these studies 
measured latencies for dominant individuals to forage compared to subordinates, 
the dominant’s ability to restrict access implies that subordinates are not the first 
ones to eat, and therefore must have longer latencies than their dominant 
heterospecifics.  Additionally, these examples tested intraspecific dominance 
hierarchies; however, studies testing interspecific food competition found that 
dominant species can restrict subordinate species’ access to preferred foraging 
locations (e.g. Nakano, 1995). Therefore, we predicted: 1. During baseline 
contexts, titmice, being the larger and interspecifically dominant species, would 
have shorter latencies to forage than chickadees (Table 2; all tables in this 
chapter at located in Appendix B at the end of the chapter).  Because subordinate 
species may be relegated to forage in novel and/or less-protected microhabitats 
(Ficken, Weise, & Popp, 1990; Greenberg, 2003; Wilson et al., 1994), we 
predicted: 2. During novel stimulus contexts, the subordinate chickadees would 
exhibit less neophobia, and would therefore have shorter latencies to forage 
compared to titmice.  Additionally, between species, it was predicted that: 3. 
Both species would have longer latencies to forage when novel stimuli were 
present compared to baseline contexts. 
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Regarding calling behavior, latencies to call can provide information about 
the perceived likelihood of a threat, with shorter call latencies indicative of a 
more immediate threat.  For instance, when presented with predator models 
either 6 m away or 1 m away from a foraging stand, black-capped chickadees had 
shorter call latencies during the more threatening 1 m predator context compared 
to 6 m (Baker & Becker, 2002).  As such, we expected: 4. Chickadees and titmice 
would have shorter calling latencies in the presence of novel stimuli, compared 
to baseline contexts.   
Furthermore, intraspecific dominance rank within the flock can influence 
call latencies in predator contexts (Zanette & Ratcliffe, 1994).  Subordinate black-
capped chickadees consistently had significantly shorter call latencies when 
presented with a hawk model compared to higher-ranking flock members 
(Zanette & Ratcliffe, 1994).  While this has not been directly tested in Carolina 
chickadees or tufted titmice, if interspecific dominance is influencing calling 
latencies, we expected that between species: 5a. The interspecifically subordinate 
chickadees would have shorter calling latencies in the novel contexts compared 
to titmice.  Conversely, it is also possible for titmice to have a shorter latency to 
vocalize compared to chickadees, based on their designation as sentinels or 
‘community informants’ in these mixed-species flocks (Hetrick & Sieving, 2012).  
However, this titmouse designation may be unique to Floridian flocks, where 
titmice participate in 100% of flocks, but chickadees are found in only 20% 
(Contreras & Sieving 2011).  Other studies (e.g. Templeton, Greene, & Davis, 
2007) denote chickadees as the principle sentinels in mixed species flocks.  
Similarly, while Nolen and Lucas (2009) do not name chickadees as sentinels in 
their study, chickadees were more likely to call in the presence of an owl model 
compared to titmice; therefore, the authors suggested that vocal information 
about predators may flow from chickadees to titmice.  Chickadees and titmice 
tend to participate equally in Tennessean flocks (Bartmess-Levasseur et al., 
2010); however, on average, slightly more chickadees participated than titmice in 
this study.  As such, if calling behavior is related to the potential designation of 
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titmice being sentinels, in this flock, an alternate prediction is that:  5b. The 
sentinel-like titmice would have shorter calling latencies in the novel contexts 
compared to chickadees. 
Additionally, we expected birds to have vocally different responses in novel 
contexts compared to baseline (non-stimulus) contexts, perhaps as recruitment 
for, or drawing the attention of, other flock members (e.g. Bartmess-Levasseur et 
al., 2010; Mahurin & Freeberg, 2009).  Therefore, we predicted that: 6. 
Chickadees and titmice would use more ‘D’ notes in their calls when novel 
stimuli were on the feeding station.  
Stimuli 
Three different novel stimuli were presented: (1) three variations of a plastic 
model that was approximately the size, shape, and color pattern of a mourning 
dove, Zenaida macroura, (Edge Expedite Dove Clip-On Decoys) that was clipped 
to the feeding station platform, (2) a red, blue, or gold plastic dog food bowl that 
contained seed and was placed on the feeding station platform, and (3) a person 
standing 5 m away from the feeding station looking in the direction of the feeding 
station (Figure 1; located at the end of this chapter in Appendix A).  The person 
(the same individual for all presentations) dressed differently at each site to add 
variation within this stimulus type.  We chose these three stimuli of varying 
novelty (or varying predicted experience) to ensure at least one of the stimulus 
types would result in a neophobic reaction rather than cause the flock to abandon 
the foraging area.  We presumed that the ‘person’ stimulus would be the least 
novel. All of the sites we used were in areas with common human presence 
(including non-researchers).  However, this stimulus was still considered novel 
because humans rarely came within 5 meters of the station and did so only to 
stock the stations or set up equipment (lasting a minute at the longest).  We 
assumed the ‘dove’ model would be an intermediate novel stimulus, because 
doves do live in the environment of chickadees and titmice and will occasionally 
forage on the feeding station.  Doves can compete with flock members for food, 
but they are infrequently observed with flock members and are rarely observed 
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foraging from our feeding stations.  Consequently, some flock members are likely 
to have seen real doves in nature, however, not in the foraging context we 
presented.  The ‘bowl’ was presumed to be the most novel, because it did not 
mimic any natural object in their environment, nor would birds have likely 
encountered it foraging elsewhere.  It also required that birds land on and touch 
the bowl to take a seed. 
Methods 
We conducted the experiments at three different locations in eastern Tennessee: 
the University of Tennessee Forest Resources, Research, and Education Center 
(36° 00’ N, 84° 13’ W: 12 sites), Ijams Nature Center (35° 57’ N, 83° 52’ W: 5 
sites), and Norris Dam State Park (36° 14’ N, 84° 06’ W: 6 sites).  Feeding 
stations at these locations were stocked weekly with approximately 100 g of a 1:1 
mixture of black oil sunflower seed and safflower seed.  Within each location, we 
sampled behavior of flocks at sites that were separated from one another by at 
least 400 m to ensure flock independence (Bartmess-LeVasseur et al., 2010).  
Data were collected from October 2010 through February 2011 and from 
November through December of 2011.  Each site contained a feeding station 
made of a flat, wooden platform (25 X 40 X 2 cm) mounted on a steel pole such 
that the platform sat approximately 1.5 m above the ground.  Recordings began 
when at least two birds were foraging from the feeding station.  We presented 
stimuli and recorded vocalizations at the feeding stations between 08:00 and 
14:00 (Eastern Standard Time).  When we arrived at a site, we stocked the 
feeding station with seed and set up the recording equipment.  A Sennheiser 
ME-62 microphone was mounted on a microphone stand that was placed 1 m 
away from the feeding station. The microphone was aimed toward the feeding 
station and was connected to a Marantz PMD660 portable digital recorder that 
recorded sound files onto a compact flash memory card at a sample rate of 44.1 
kHz and 16-bit resolution.  Observers sat behind a camouflage blind at least 10 m 
away from the feeding station and waited for birds to approach the feeding 
station.   
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Procedure 
The three stimuli were presented first with a 10-minute pre-stimulus baseline 
context followed by a 10-minute stimulus recording.  The presentation order of 
the stimuli was counter-balanced across sites.  Once a pre-stimulus recording 
began, the subsequent stimulus recording was always completed, with only short 
breaks to walk the bowl, dove, or person to the feeding station.  After a stimulus 
was presented, we allowed at least 10 minutes to lapse before starting the next 
baseline recording.  
Most sites were presented all three stimuli on the same day, however, four 
of the 23 sites required splitting recordings into two days due to the flock leaving 
the area.  When this occurred, we waited at least two days to return to the site 
and the remaining stimuli were presented.   
Data Analysis 
Sound files were saved as .wav files and viewed in Cool Edit Pro (2.0).  Before 
coding calls, we used a Butterworth high pass filter at 750 Hz to remove lower 
frequency background noise.  From sound files, we obtained latencies to take 
seed, seed-taking rates, latencies to call, and call rates.  If a species did not take a 
seed in a 10-minute recording period, their latency was denoted as 600 seconds.  
We then coded the calls of chickadees and titmice based on the number of ‘D’ 
notes per call.   
I coded the ‘chick-a-dee’ calls of titmice and chickadees for all sound 
recordings.  Two others (CN and SW) then each independently scored ten 
different 10-minute recordings (twenty 10-minute files total) that were blinded to 
identifying information (roughly 10% of the total sample).  Inter-observer 
reliability for seed-taking latencies and call latencies for chickadees and titmice 
was high (Spearman’s correlation, rs median  = 0.974, range = 0 .833 – 1.000).  
CN and SW also coded approximately 400 calls each (roughly 10% of the call set) 
for number of ‘D’ notes.  The calls spanned all recording contexts.  Inter-observer 
agreement for chickadee and titmouse ‘D’ notes was ‘almost perfect’ (Landis & 
Koch, 1977; median Cohen’s kappa statistic = 0.953).  
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Seed-taking latencies, call latencies, and number of ‘D’ notes per call for 
chickadees and titmice were log transformed for normalization.  Mixed model 
analyses of variance were run on the three dependent variables with ‘Species’, 
‘Stimulus’, and ‘Context’ within-subjects factors and ‘Site’ as a random factor. 
 
Results  
The data set comprises twenty-three hours of audio recordings (six 10-minute 
recordings per site) from 23 sites and a total of 1,676 chickadee calls and 1,196 
titmouse calls.  There was an average of 3.8 chickadees (range: 0 - 8) and an 
average of 3.1 titmice (range 0 - 5) participating in each mixed-species flock.  
Seed-taking rates and seed-latencies were significantly correlated for chickadees 
and titmice (r = -0.754, n = 259, P < 0.001; Cohen’s d = -1.22, effect size r = -
0.521); therefore, we only analyzed seed-taking latencies, because they are an 
appropriate measure to determine approach latencies to the novel stimuli.  
Similarly, call latencies and call rates were significantly correlated for chickadees 
and titmice (r=-0.233, n = 260, P < 0.001; Cohen’s d = -0.90, effect size r = -
0.413); therefore, we only analyzed calling latencies, because they are better 
indicators of threat immediacy (e.g. Zanette & Radcliffe, 1994).  The mean seed-
latencies, seed rates, call latencies, and call rates are listed in Table 3. 
Seed-taking Latency 
There was a significant three-way interaction between species, stimulus, 
and context (Figure 2).  See Table 4 for mixed-model statistical results.  
Chickadees and titmice reacted similarly in both the pre-stimulus and stimulus 
contexts for the bowl and dove contexts; however, there were differences in their 
reactions to the person stimulus.  Chickadees did not significantly increase their 
latencies to forage when a person was standing 5 m from the feeding station, but, 
titmice did.  This suggests that titmice were more neophobic to the person 
stimulus compared to chickadees.  Additionally, because chickadee and titmouse 
seed-taking behavior was not as strongly affected by the person standing 5 m 
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away from the feeding stand as the other two stimuli, there was also an 
interaction between stimulus and context.   
There was also context effect, such that seed-taking latencies were shorter 
during pre-stimulus baseline contexts (µ = 62.1 secs) compared to stimulus 
contexts (µ = 397.8 secs).  Similarly, there was a stimulus effect; seed-taking 
latencies for the dove (µ = 267.8 secs) and bowl stimuli (µ = 323.5 secs) were 
significantly longer than the seed-taking latencies for the person stimulus (µ= 
89.1 secs).   
From the 23 total sites, chickadees took seeds from the stand at 7 of the 23 
sites (µ = 418.7 sec latency) when the bowl was present compared to titmice, who 
took seeds from the stand at 10 of the 23 sites (µ = 249.3 sec latency) when the 
bowl was present. There was only one site where a chickadee took a seed from the 
stand when the dove was present (201.0 sec latency) while no titmice took a seed 
when the dove was present.  
Call Latency 
Chickadees had shorter call latencies than titmice across contexts with a mean 
latency of 81.1 seconds for chickadees and 188.2 seconds for titmice (Figure 3).  
See Table 5 for mixed-model statistical results.  There was also a species by 
context interaction, such that chickadees had significantly shorter call latencies 
than titmice during stimulus presentations (µ= 49.1 sec) compared to baseline 
(µ= 113.2 sec) while titmice had call latencies during stimulus presentations (µ= 
192.6 sec) that were not significantly different from pre-stimulus contexts (µ= 
183.7 sec).  In other words, chickadees and titmice did not have significantly 
different calling latencies in baseline contexts (F 1, 34 = 0.868, P = 0.358), but 
chickadees had significantly shorter calling latencies in the novel stimulus 
contexts (F 1, 28 = 27.369, P < 0.001).   
‘D’ Note Usage 
Chickadees and titmice used more ‘D’ notes during stimulus contexts compared 
to pre-stimulus contexts (Figure 4).  See Table 6 for mixed-model statistical 
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results.  There was an effect of context, such that chickadees used significantly 
more ‘D’ notes (µ = 3.6 per call) than titmice (µ = 2.3 per call), with chickadees 
increasing the number of ‘D’ notes significantly more during stimulus 
presentations (although there was no significant species by context effect).  There 
was a stimulus by context effect, such that chickadees and titmice had more ‘D’ 
notes in their calls in the presence of the bowl and dove stimuli compared to the 
person stimulus. 
Discussion  
This experiment was one of only a few studies that have compared how mixed-
species groups react to novelty, and it addressed the possibility of a vocal 
component of reactions to novel stimuli.  Our goal was to determine if there were 
species differences in foraging rates, calling rates, and ‘D’ note usage in the 
presence and absence of novel stimuli.  We found that chickadees and titmice do 
react differently to novel stimuli: both species shorten their foraging latencies, 
and increase the number of ‘D’ notes per call, but only chickadees decrease their 
calling latency in the presence of novel stimuli. 
Our first and second predictions (Table 2)—that chickadees and titmice 
would have different foraging latencies depending on the presence or absence of 
novel stimuli and that this would be influenced by their interspecific dominance 
relationships—were not supported.  We found that there were no differences in 
foraging latencies for chickadees and titmice across contexts.  Our third and 
fourth predictions, that between species, the presence of novel stimuli would 
increase foraging latencies and decrease calling latencies compared to baseline, 
no stimulus contexts, were supported as well.   
 Why might this be? One possibility is that intraspecific dominance 
interactions occur more frequently than interspecific dominance interactions 
(Morse, 1970).  Intraspecific dominance hierarchies in Carolina chickadees and 
tufted titmice are linear, where adult males are the most dominant, followed by 
juvenile males, adult females, and then juvenile females (Grubb & Pravosudov, 
1994; Pravosudov, Grubb, Doherty, & Bronson, 1999). We did not quantify 
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dominance interactions at the feedings stations, because individuals were not 
individually color banded, although interspecific and intraspecific supplants did 
occur.  Previous research has suggested a cost to chickadees foraging in the 
presence of socially dominant titmice.  For example, when titmice were removed 
from woodlots, chickadees began foraging in ‘titmouse-like’ locations (on the 
ground, higher in the canopy, and on dead limbs), which suggested that titmice 
prevented chickadees from foraging in those preferred locations (Cimprich & 
Grubb, 1994).   
Another reason why we might not have observed differences in chickadee 
and titmice seed-taking latencies is that our birds were taking seeds from a non-
natural foraging location and a location that prevented successful seed caching.  
Because titmice typically forage on the ground and higher in the canopy on 
branches (Cimprich & Grubb, 1994), these are their likely caching areas.  Our 
birds would take a seed from the feeding station and then fly away, presumably to 
cache it, thus supporting this idea.  Therefore, rather than defending the area 
where they found the cacheable item (the feeding station), it is possible that 
titmice defend their caching locations more strenuously (Daily, Clayton, & 
Emory, 2006).  Thus, we would not see significant interspecific influences at the 
feeding station, but would see them in the more natural titmouse foraging areas.  
This may also explain why Cimprich and Grubb (1994) observed chickadees 
foraging in more ‘titmouse-like’ locations—with the titmice absent, the 
chickadees could search for, and pilfer, titmouse caches.  Perhaps if we had 
placed seeds in more ‘titmouse-like’ locations, we would have observed 
differences in seed taking latencies between species. 
 Because titmice are interspecifically dominant and have the ability to 
monopolize highly preferred foraging locations (Cimprich & Grubb, 1994), why 
do they allow chickadees to participate in the flocks?  As a whole, flock members 
benefit from decreased predation, due to the ‘many eyes effect’ and ‘safety in 
numbers,’ where larger numbers of vigilant individuals provide protection from 
predators more successfully than smaller groups with less vigilant individuals 
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(Krause & Ruxton, 2002; Morse, 1977).  Species that are vulnerable to predation 
benefit by joining other species and exploiting their vigilance (Sridhar, 
Beauchamp, & Shanker, 2009).  In this experiment, prediction 5a was supported: 
chickadees were the first species to call in the presence of novel objects compared 
to titmice.  This suggests that chickadees were more vigilant and were quicker to 
observe and respond to the novel stimuli, and this goes against the alternative 
prediction that titmice may be sentinel-like in these flocks.  These results provide 
further evidence that chickadees are sentinels, or community informants in these 
flocks (Templeton, Greene, & Davis, 2007).  In another well-studied mixed-
species flocking system in Sri Lanka, the orange-billed babbler, Turdoides 
rufescens, is typically the first species to call, though they are less reliable than 
the proposed flock sentinels, the greater racket-tailed drongos, Dicrurus 
paradiseus, which characteristically calls secondarily but more accurately 
(Goodale & Kotagama, 2005).  Regardless, other members of these Sri Lankan 
flocks react to the two species’ vocalizations equivalently. Considering this, 
perhaps chickadees in our flocks are key sentinels, such that accurate information 
flows from chickadees to titmice (Nolen & Lucas, 2009).  Conversely, Floridian 
titmice are more abundant than chickadees in mixed-species flocks, and 
information has been shown to flow from titmice to chickadees in those 
populations (Sieving, Hetrick, & Avery, 2010).  This suggests that the difference 
in species’ calling latencies, including sentinel status, may also be related to their 
majority status in the flock.  Chickadees are slightly more abundant in our 
Tennessee flocks than titmice (this study: average of 3.8 chickadees and 3.1 
titmice).  It may also be the case that as subordinate members of the flock, 
chickadees are forced to act more riskily, including calling first during potential 
threats, which increases the chance of alerting a predator to their location 
(Zanette & Ratcliffe, 1994).  However, calling first in a risky situation can also be 
beneficial to chickadees because it may allow them to either elicit an alarm call 
and flee to cover, or elicit mobbing calls, which attract flock mates and many 
other species to their location (Gunn et al., 2000). 
45 
There were no significant species effects for ‘D’ note usage, although 
chickadees did increase the number of ‘D’ notes used across stimulus contexts 
compared to titmice.   Between-species, prediction 6 was supported, with 
chickadees and titmice increasing their ‘D’ notes in stimulus contexts compared 
to pre-stimulus contexts.  ‘D’ notes are used in a variety of contexts, including in 
predator and mobbing contexts (Courter & Ritchison, 2009; Nolen & Lucas, 
2009; Sieving, Contreras, & Maute, 2004; Sieving, Hetrick, & Avery, 2010; Soard 
& Ritchison 2009), as well as to recruit flock mates to food sources (Mahurin & 
Freeberg, 2008).  Because they are broadband notes and easy to localize, ‘D’ 
notes are an ideal note to use to attract the attention of other flock mates to a 
stimulus.  As first callers, chickadees likely brought the novel stimuli to the 
attention of titmice, which initiated their ‘D’-rich calls. 
Chickadees and titmice also reacted to the novel stimuli much like they 
would react to a predator: they increased the average number of ‘D’ notes per call 
and increased their foraging latencies (Bartmess-LeVasseur et al., 2010).  This is 
not surprising, as reactions to novelty can either involve fear, in the form of 
neophobia, or curiosity, in the form of neophilia.  Further experiments should 
test whether chickadees and titmice react to these novel stimuli in a graded 
manner, as they do for varying levels of perceived threat (Courter & Ritchison, 
2009; Soard & Ritchison 2009) or if they treat novel stimuli and predator stimuli 
similarly.  Additionally, while there was no direct comparison of calling behavior 
during novel and predator stimuli, previous measures of ‘D’ notes used in a 
predator context (Cooper’s hawk model at 1 m) show an average of approximately 
six ‘D’ notes per call for chickadees and titmice (Bartmess-Levasseur et al., 2010).  
This experiment finds that chickadees and titmice use, on average, 3.4 ‘D’ notes 
per call, suggesting that chickadees and titmice do respond to novel stimuli in a 
graded manner compared to predators. 
Conclusions 
The significant differences observed in the vocal behavior of chickadees 
and titmice lend themselves to future studies to further address communicative 
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reactions in the presence of novel stimuli.  Compared to titmice, chickadees were 
typically the first to call during the novel stimulus contexts.  In total, the results 
here show that the presence of novel objects on or near the feeding stations 
resulted in a neophobic response, significantly increasing foraging latencies for 
both species.  If chickadees are sentinels in these flocks, they should also be the 
first to vocalize in other threating contexts, such as when predators are present.  
This experiment provides the foundation for future studies of comparative 
reactions to novelty and predators in mixed-species groups.  
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Appendix A: Figures 
 
 
 
Figure 1. Experiment One: the three varieties of plastic dove model and plastic 
dog bowl.   
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Figure 2. Experiment One: mean seed-taking latencies (log-transformed) across 
stimuli and contexts.  Birds were given 10 minutes to respond in both pre-
stimulus and stimulus contexts.  Error bars represent means with 95% 
confidence intervals.  Lines with stars denote significant differences within-
species.  All significant differences between contexts (pre- versus stimulus) are 
noted with different letters.  Overall, there was a significant three-way interaction 
between context, species, and stimulus.  This was mainly attributed to the fact 
that chickadees and titmice were similarly affected by the presence of the bowl 
and dove stimuli, but titmice were more strongly affected by the person stimulus, 
than chickadees.  Titmice had significantly longer seed-taking latencies in the 
person context.  
  
 
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Figure 3. Experiment One: mean call latencies (log-transformed) across stimuli 
and contexts.  Error bars represent means with 95% confidence intervals.  There 
were no significant differences in call latencies between contexts; however, 
chickadees had significantly shorter calling latencies than titmice in stimulus 
contexts compared to baseline pre-stimulus periods (noted by stars).  
  
             
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Figure 4.  Experiment One: mean 'D' notes per call (log-transformed) across 
stimuli and contexts.  Error bars represent means with 95% confidence intervals.  
All significant differences between contexts (pre- versus stimulus) are noted with 
different letters.  Stars denote significant differences between-species.  
Chickadees used more ‘D’ notes in their calls than titmice, with more ‘D’ notes 
being used in stimulus contexts compared to pre-stimulus contexts.  Chickadees 
and titmice also used more ‘D’ notes in the bowl and dove contexts compared to 
the person context. 
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Appendix B: Tables 
Table 2. Experiment One: predictions. 
 Prediction  Supported? 
  
  
  
  
  
 S
e
e
d
-t
a
k
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g
 L
a
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n
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s
 
1. During baseline contexts, titmice, 
being the larger and interspecifically 
dominant species, would have shorter 
latencies to forage than chickadees. 
 
 
No, there were no 
species differences in 
seed-taking latencies 
across contexts. 
2. During novel stimulus contexts, the 
subordinate chickadees would exhibit 
less neophobia and would therefore 
have shorter latencies to forage 
compared to dominant titmice.  
 
 
3. Both species would have longer 
latencies to forage when novel stimuli 
were present compared to baseline 
contexts 
  
Yes 
    
C
a
ll
in
g
 L
a
te
n
c
ie
s
 
4. Chickadees and titmice would have 
shorter calling latencies in the presence 
of novel stimuli, compared to baseline 
contexts.   
 
  
Yes 
5a. The interspecifically subordinate 
chickadees would have shorter calling 
latencies in the novel contexts 
compared to titmice. 
 
OR 
 
5b. The sentinel-like titmice would have 
shorter calling latencies in the novel 
contexts compared to chickadees. 
 
 
Chickadees had 
shorter latencies to 
call in novel contexts 
compared to titmice. 
 
    
‘D
’ 
N
o
te
 
U
s
a
g
e
 6.  Chickadees and titmice would use 
more ‘D’ notes in their calls when novel 
stimuli were on the feeding station. 
  
Yes 
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Table 3. Experiment One: means for seed- and call latencies (in sec) and seed- and call rates (per 10 minutes) for 
chickadees and titmice for each novel stimulus in baseline pre-stimulus contexts (Pre) and stimulus contexts (Stim). 
 
 
Chickadee Titmouse 
 
Bowl Dove Person Bowl Dove Person 
 
Pre Stim Pre Stim Pre Stim Pre Stim Pre Stim Pre Stim 
Seed 
Latency 
25.2 544.8 36.2 580.0 81.8 88.6 68.4 440.6 130.6 600.0 33.3 147.2 
Seed Rate 9.0 0.2 8.1 0.1 8.6 6.4 7.1 1.1 6.7 0 8.2 5.1 
Call 
Latency 
119.9 60.3 115.0 45.7 104.8 41.6 238.5 147.7 186.7 120.0 153.0 283.5 
Call Rate 7.8 15.9 7.6 15.6 4.7 10.6 5.8 12.1 6.0 30.1 7.9 5.9 
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Table 4. Experiment One: mixed-model results for seed-taking latencies. Bold 
values are statistically significant. 
 
 Num.  
df 
Denom. df F Sig. 
Intercept 1 93.4 2,979.6 <0.001 
Species 1 147.8 0.5 0.487 
Stimulus 2 89.3 31.1 <0.001 
Context 1 103.2 243.2 <0.001 
Species * Stimulus 2 89.2 0.66 0.521 
Species * Context 1 147.8 0.1 0.804 
Stimulus * Context 2 89.3 24.2 <0.001 
Species*Stimulus*Context 2 89.2 4.0 0.022 
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Table 5.  Experiment One: mixed-model results for calling latencies.  Bold 
values are statistically significant. 
 
 Num.  
df 
Denom. df F Sig. 
Intercept 1 36.3 635.7 <0.001 
Species 1 150.7 20.8 <0.001 
Stimulus 2 40.7 1.5 0.242 
Context 1 30.3 1.9 0.174 
Species * Stimulus 2 107.7 .6 0.546 
Species * Context 1 149.0 7.8 0.006 
Stimulus * Context 2 109.4 1.6 0.199 
Species*Stimulus*Context 2 106.6 .5 0.603 
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Table 6. Experiment One: mixed-model results for ‘D’ note usage.  Bold values 
are statistically significant. 
 
 Num.  
df 
Denom. df F Sig. 
Intercept 1 21.0 717.6 <0.001 
Species 1 153.0 27.9 <0.001 
Stimulus 2 44.2 2.5 0.093 
Context 1 17.5 17.8 <0.001 
Species * Stimulus 2 100.7 0.3 0.735 
Species * Context 1 150.6 1.9 0.174 
Stimulus * Context 2 101.6 3.9 0.023 
Species*Stimulus*Context 2 100.1 0.02 0.974 
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CHAPTER III:  CHICKADEES AND TITMICE RESPOND TO 
NOVEL STIMULI DIFFERENTLY THAN THEY DO TO 
PREDATOR STIMULI 
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A version of this chapter is in preparation to be submitted for review in a peer-
reviewed journal.  The manuscript combines the experiment discussed in this 
chapter with the experiment in Chapter 2.  My contributions to this work include: 
(a) formulating the research idea and hypothesis (b) training the research 
assistants (c) designing the experiment (d) collecting data (e) doing the statistical 
analysis (f) interpreting results and (g) writing the manuscript.   
 
Abstract  
Many studies have tested vocal and behavioral reactions of mixed species avian 
flocks to predators, and increasingly more studies are testing for reactions to 
novel stimuli. Few studies, however, have directly compared behavioral reactions 
to predator stimuli with those to novel stimuli.  This experiment measured the 
vocal and behavioral responses of mixed-species flocks of Carolina chickadees 
and tufted titmice to four different contexts at feeding stands in their natural 
environment.  A novel (Mega Bloks® object), predator (plastic Cooper’s Hawk), 
neutral (piece of wood), and control (no stimulus) context were presented on 
feeding stations stocked with bird seed. Vocalizations were recorded and foraging 
behavior at the feeding stands was videotaped.  For both species, foraging 
latencies in the novel context were intermediate to the predator context and to 
the control and baseline contexts.  Chickadees had shorter calling latencies than 
titmice across stimulus contexts and had significantly shorter calling latencies 
than titmice in the hawk context.  Chickadees also used more ‘D’ notes in their 
calls than titmice across contexts.  Thus, chickadees and titmice do react 
differently to predators and novel stimuli, with the main difference being a 
graded response in their foraging latencies.  Chickadee calling behavior observed 
in this experiment supports previous research, suggesting that chickadees may be 
sentinels in these flocks.  Overall, these results can help us better understand 
antipredator behavior and the possible functions of mixed species flocks.  
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Introduction 
“The normal thing is for birds, especially titmice, to  
act intelligently in unusual circumstances  
unless they get flustered through fear”  
(Len Howard, as cited in Holliday, 1953) 
 
Personality traits are suites of correlated behavior patterns that occur across time 
and contexts (Sih et al., 2004).  The neophobia-neophilia and shy-bold 
continuums are axes of behavioral variation that are studied frequently in the 
animal personality literature.  Neophobic individuals typically avoid novel, or 
new stimuli, while neophilic individuals typically are attracted to novel stimuli.  
The neophobia-neophilia continuum is similar to the shy-bold continuum in that 
both address reactions to novel stimuli, however the shy-bold continuum also 
includes reactions to risky situations.  Therefore, ‘shy’ individuals avoid risky or 
novel stimuli and react to such situations by retreating or becoming quiet (Wilson 
et al., 1993; Wilson et al., 1994).  In contrast, ‘bold’ individuals are attracted to 
risky and novel stimuli and react by either acting normally or increasing their 
activity (Wilson et al., 1993; Wilson et al., 1994).  The shy-bold continuum can be 
misleading, however, because sometimes ‘shy’ and ‘bold’ behavioral types are 
tested in contexts when only novel stimuli or novel contexts are presented (e.g. 
Dingemanse, Both, van Noordwijk, Rutten, & Drent, 2003).  More often, ‘shy and 
‘bold’ behavioral types are tested only in a risky context (e.g. Sinn, Apiolaza, & 
Moltschaniwskyj, 2006).   
To test for shyness or boldness across contexts, both a predator and a 
novel stimulus should be presented.  However, few studies have tested for 
reactions to both novel and predator stimuli when accessing individuals for 
shyness or boldness.  Nevertheless, in one study, chaffinches, Fringella coelebs, 
were tested in several contexts, including a stressful context (novel environment), 
a low-risk predator context (when a hawk flew 2m to the side of chaffinches), and 
a high-risk predator context (when a hawk flew directly above chaffinches) 
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(Quinn & Cresswell, 2005).  The researchers found that birds with high activity 
levels in the stressful context were less likely to freeze during, and were faster to 
resume activity after, the predator contexts.  In other words, bold (‘hyperactive’, 
their terminology) birds were more active in both contexts than shy birds.   
Interestingly, there is not always a positive correlation between behavior 
in novel and predator contexts.  For example, in a study of convict cichlids, 
Amatitlania nigrofasciata, researchers presented fish with a standardized 
predator attack while the cichlids were foraging and later tested the fish with a 
novel object and a novel environment (Jones & Godin, 2009).  The authors found 
that fish with higher exploration scores in the novel contexts had longer latencies 
to respond to the predator.  The authors posited two possible explanations for 
their results.  First, they suggested that the bolder, more exploratory fish allotted 
more time to foraging rather than predator avoidance, and thus, delayed their 
response to a predator in order to prevent a possible lost opportunity for 
foraging.  As a second explanation, the authors suggested that bold individuals 
may have different perceptual abilities compared to shy individuals, such that 
their ability to perceive predators is not as sharp.  Overall, this study highlights 
the importance of presenting novel and predator stimuli together to ascertain the 
correlates of boldness and shyness.  
Why is it important to determine whether an individual is bold or shy?  
The characteristics associated with shyness and boldness can affect many aspects 
of an individual’s life.  For instance, shyness and boldness levels can influence 
how far an individual disperses from its natal site (Cote, Clobert, Brodin, Fogarty, 
& Sih, 2010; Dingemanse, et al., 2003).  Great tits, Parus major, who had high 
exploration scores, and thus were more bold,  dispersed farther from their natal 
sites compared to individuals who had low exploration scores (Dingemanse et al., 
2003).  Additionally, an individual’s level of shyness or boldness can influence 
fitness (Both, Dingemanse, Drent, & Tinbergen, 2005).  Nest success, fledgling 
size, and condition are correlated with behavioral traits in great tits.  Slow-
exploring, or shy females, tended to have better nest success and have larger 
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fledglings, especially if the females mated with high-exploring (bold) males.  The 
authors posited that the bolder males were likely more able to obtain and defend 
higher quality territories.  
 Perhaps most importantly, an individual’s shyness or boldness can 
influence its risk of predation and foraging efficiency (Lima, Valone, & Caraco, 
1985; Sih, 1982).  Often, there is a trade-off between predator avoidance and 
foraging; high quality foraging sites are desirable, however, foraging reduces an 
individual’s ability to remain vigilant, thus putting them at increased risk for 
predation (Gilliam & Fraser, 1987; Godin & Smith, 1988).  Animals can assess, 
and in some ways, control, their risk by deciding when, where, what, and how to 
eat (reviewed in Lima & Dill, 1990).  They can also decide to coalesce into groups, 
thus reducing individual vigilance rates.   
Typically, the shy-bold continuum is used to describe behavioral 
differences on the individual level.  However, like the neophobic-neophilic 
continuum, the shy-bold continuum can also describe behavioral differences on 
the species level.  For example, some species of seabirds are bolder, and can be 
baited to forage near boats for capture using cast nets, compared to shy species, 
which rarely approach the boats (Bugoni, Neves, Peppes, & Furness, 2008).  
Considering this, my study tested the behavioral and vocal reactions of two Parid 
species, Carolina chickadees and tufted titmice, in the presence of novel and 
predator stimuli.  These species form mixed-species flocks in the over-wintering 
months and obtain many benefits from such flocking, including increased 
foraging efficacy and reduced predation risk (Curio, 1978; Berner & Grubb, 1985; 
Lima, 1995; Krause & Ruxton, 2002).  To my knowledge, no study has addressed 
whether these species differentially react to novel and predator stimuli (although 
many studies have tested them in a novel or predator context (Chapter 2; 
Bartmess-Levasseur et al., 2010; Courter & Ritchison, 2010; Nolen & 
Lucas,2009; Soard & Ritchison, 2009).  Previous research (described in Chapter 
2) showed that chickadees and titmice differentially reacted to novel stimuli.  
Both species increased their foraging latencies in the presence of novel stimuli 
61 
near a preferred food source.  Additionally, both species increased the mean 
number of ‘D’ notes per call in the presence of the novel objects, which was 
typical of these species when they were presented with predator stimuli 
(Bartmess-Levasseur et al., 2010; Courter & Ritchison, 2010; Soard & Ritchison, 
2009; Templeton & Greene, 2007).  The average number of ‘D’ notes produced 
during the novel stimulus presentations was higher than what flock members in 
this population have been known to produce in the presence of predator stimuli 
(e.g. Bartmess-Levasseur et al., 2010). However, I could not be certain if flock 
members used significantly more ‘D’ notes in predator contexts compared to 
novel contexts unless both types of stimuli were presented to the same flocks.  
Therefore, in this experiment, naturally-occurring flocks of Carolina chickadees 
and tufted titmice were presented with 4 contexts: a plastic Cooper’s hawk model 
(predator), a Mega Bloks® object (novel), a piece of wood (control), and no-
stimulus (baseline).  Each context was presented for 10 minutes, in a 
counterbalanced order by site.  Seed-taking latencies, calling latencies, and 
number of ‘D’ notes produced were measured at each site.   
Predictions 
Regarding seed-taking latencies, I had several predictions: 1. There would be no 
species differences in seed-taking latencies, based on the results from Chapter 2. 
Because the wood stimulus was a control to test whether my walking up to the 
stand to place a stimulus on the feeding station affected flock behavior, I 
predicted that 2. There would be no differences in seed-taking latencies in the 
no-stimulus baseline context compared to the wood control context.  
Additionally, I predicted that 3. Chickadees and titmice would significantly 
increase their latencies to forage in the presence of the novel stimuli compared 
to the baseline and control stimulus presentations, and that 4. The predator 
stimulus would result in the longest seed-taking latencies compared to the 
remaining contexts (baseline, wood control, and novel) (Table 7).  The novel 
stimulus, while new, was not associated with any immediate certain risk, 
therefore, the bolder members of the flock were likely to approach it and/or 
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forage near the novel object much quicker than they would approach and forage 
near a predator model, which was associated with immediate and certain risk.  
Here, boldness is being quantified as a foraging response latency.  
 Regarding call-latencies, previous research shows that chickadees have 
significantly shorter calling latencies than titmice in novel stimulus contexts 
(Chapter 2).  As such, it is likely that chickadees are more vigilant than titmice 
and are able to inform flock mates of the presence of unusual or threating stimuli 
by vocally alerting the flock.  Considering this, I predicted: 5. Chickadees would 
have shorter calling latencies than titmice across contexts.  Similarly, because I 
do not expect the no-stimulus baseline and wood stimulus contexts from being 
different, I predicted that: 6. There would be no differences in calling latencies in 
the no-stimulus baseline context compared to the wood control context, and 7. 
Chickadees and titmice would have intermediate latencies to call in the novel 
context compared to baseline and predator contexts, based on degree of threat.  
 Lastly, much research has been conducted on the vocal systems of 
chickadees and titmice, and specifically on both species’ use of ‘D’ notes in 
predator contexts.  Many studies of Carolina chickadees, tufted titmice, and 
related species reveal that they use ‘D’ notes in a graded manner, based on 
perceived threat level, where an increase in ‘D’ notes is associated with an 
increased perceived threat level (Courter & Ritchison, 2009; Soard & Ritchison 
2009; Templeton et al., 2005).  Consequently, I predicted that: 8. If chickadees 
and titmice perceive the novel Mega Bloks® object as less threatening than a 
Cooper’s hawk model, that they would have a graded response, using an 
intermediate number of ‘D’ notes in the novel context compared to baseline and 
predator contexts.  Similar results were found in herring gulls, Larus 
smithsonianus, when presented with a neutral bird vocalization, novel auditory 
cues, and predator vocalizations (MacLean & Bonter, 2013).  The herring gulls 
used a graded response for the novel auditory stimulus, such that it was 
intermediate to the neutral and predator auditory cues.  As such, in the current 
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experiment, birds were predicted to produce more ‘D’ notes in a graded manner, 
such that baseline and control contexts < novel < predator.   
Methods 
Data were collected from January 2013 through March 2013 at the same main 
locations mentioned in Chapter 2.  I modified the feeding station in this 
experiment compared to the first experiment, using a 28.5 x 112 x 2 cm flat, 
wooden platform that had a small built-in trough to place seed. The trough 
helped prevent birds from pushing too many seeds off the station.  Stimuli were 
placed on the side opposite of the feeding trough, such that stimuli were 
consistently less than 1 m away from the seed during stimulus presentations.   
Stimuli 
There were four different stimulus conditions: control (no stimulus), a control 
object (a piece of wood), a novel object (shape built from Mega Bloks®), and a 
predator model (plastic Cooper’s hawk) (Figure 5).  The wood was used as a 
control for the process of walking up to the station and placing an object on it.  
Several variations of each stimulus, including the Mega Bloks® and hawk 
predator model (e.g. different colors or markings) were used to minimize 
pseudoreplication.  Additionally, all stimuli were similar in size, because larger 
objects can increase neophobia compared to smaller objects (e.g. Greenberg, 
1983). 
Procedure 
The recording equipment, observer distance, and blind were used as described in 
Chapter 2.  A Canon GL2 video camera was also set up five meters from the 
feeding station to capture foraging behavior.  A video camera was added to this 
study because it was previously noticed (Chapter 2) that some birds approached 
the feeding station, or took a seed from the feeding station, almost immediately 
after a trial was started.  Therefore, by video recording each site, I was able to 
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determine if birds took a seed when my back was turned after placing a stimulus 
on the feeding station and walking back to the blind.   
Once birds were continuously foraging from the feeding station, the 
observer turned on the audio equipment, walked up to, and turned on, the video 
camera, named the identifying information for the trial and placed the stimulus 
on the stand opposite of the feeding trough.  Once the stimulus was on the 
feeding station and the observer began walking away, the first recording session 
began.  The order of presentation for the four stimuli (baseline, wood, Mega 
Bloks® novel object, predator hawk model) was semi-randomly assigned at each 
site, with the aim of having a counter-balanced order of stimuli at the end of the 
study.  I had four 10-minute stimulus periods with at least 10 minutes between 
successive stimulus presentations.  Birds at each site were presented each 
stimulus only once.   
Inter-rater Reliability 
Twelve separate video files spanning all recording contexts (roughly 10% of the 
total sample) were independently scored for chickadee and titmouse seed-taking 
latencies and call latencies.  Inter-observer reliability for both species was high 
(Spearman’s correlation, rs median = 0.971, range = 0.950 - 0.984).  Inter-
observer agreement for ‘D’ notes was ‘almost perfect’ (Landis & Koch, 1977; 
Cohen’s kappa statistic = 0.818 for chickadees and 0.906 for titmice). 
Statistical Analysis 
Seed-taking latency, call latency, and number of ‘D’ notes per call for chickadees 
and titmice were log transformed for normalization. Seed-taking latencies are a 
good measure of approach latencies to the various stimuli (Chapter 2) and call 
latencies are good indicators of threat immediacy (Zanette & Radcliffe, 1994). 
Subsequently, mixed models analyses of variance were run on the three 
dependent variables, ‘Species’ and ‘Stimulus,’ as within subjects-factors and ‘Site’ 
as a random factor. 
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Results 
 Approximately 17 hours of sound recordings were recorded from 26 sites and a 
total of 3,356 chickadee calls and 3,710 titmouse calls were coded.  An average of 
3.4 chickadees (range: 2 – 6) and 3.1 titmice (range 1 – 5) participated in each 
flock. 
Seed-taking Latency 
The mean seed-taking latencies between chickadees (µ = 247.9 sec) and titmice 
(µ = 217.9 sec) were not significantly different (Figure 6).  See Table 8 for average 
latencies and rates and Table 9 for mixed model statistical results for seed-taking 
latencies.  There was a significant stimulus effect, such that seed-taking latencies 
were significantly different across stimulus contexts.  Seed-taking responses to all 
stimuli were significantly different from one another with a P < 0.001, except the 
control versus wood context (P = 0.269), which had similar seed-taking latencies.   
 In the hawk context, chickadees only took a seed from the stand at 2 of the 
26 sites (µ latency = 203.6 sec).  Similarly, there were only 2 sites where titmice 
took a seed from the stand while the hawk model was present (µ latency = 76.8 
sec).  Often, this was the first and only time a bird took a seed during the hawk 
context.   
 There was no main effect of stimulus presentation order (F3, 115 = 1.8; P = 
0.150), suggesting that birds did not habituate to the stimuli over the course of 
data collection at a single site.  There was also no stimulus by order interaction 
(F9, 99 = 1.4; P = 0.179), indicating that the previously presented stimuli did not 
affect flock members’ seed-taking latencies during the subsequent stimuli 
presentations. 
Call Latency 
Chickadees had shorter mean call latencies (110.6 sec) across contexts compared 
to titmice (159.2 sec) (Figure 7).  See Table 10 for statistical results for call 
latencies.  Chickadees had significantly shorter calling latencies than titmice in 
the hawk context (P = 0.002) and in the wood context (P = 0.050).  There was a 
66 
context effect, such that mean call latencies for the control (139.6 sec), wood 
(188.1 sec), novel (153.3 sec), and hawk (58.7 sec) stimuli were significantly 
different (F3, 98 = 12.396, P < 0.001).  The control context had a shorter latency 
than the wood context (P = 0.014) and novel context (P = 0.046).  In addition, 
the hawk context had shorter call latencies than the wood (P < 0.001) and novel 
contexts (P < 0.001).  Lastly, there was no difference in call latencies when 
comparing the control context to the hawk (P = 0.303) or the novel context to the 
wood (P = 0.445).   
 There was no main effect of order on calling latencies (F3, 114 = 1.0; P = 
0.414); birds did not habituate their calling behavior across stimulus 
presentations.  Additionally, there was no stimulus by order interaction (F9, 78 = 
1.3; P = 0.248), indicating that previously presented stimuli had no effect on 
subsequent measures of flock member’s call latencies. 
 ‘D’ Note Usage 
Chickadees used more ‘D’ notes than titmice across the four stimuli with 
chickadees using a mean of 4.9 ‘D’ notes per call compared to 2.7 ‘D’ notes per 
call for titmice (Table 8).  See Table 11 for mixed-model statistical results for ‘D’ 
note usage.  Chickadees and titmice used ‘D’ notes significantly differently across 
the four stimuli, with both species using more ‘D’ notes to the hawk stimuli (µ  = 
4.3) compared to the novel (µ  = 3.7), control (µ  = 3.5), and wood (µ  = 3.6) 
stimuli (Figure 8).  There was no significant difference in ‘D’ note usage to the 
novel, wood, and control stimuli.  
 There was no main effect of stimulus presentation order (F3, 41 = 0.3; P = 
0.846), indicating that flock members did not habituate to the stimuli over the 
course of data collection at one site.  There also was no stimulus by order effect 
(F9, 24 = 1.3; P = 0.267), indicating that previously presented stimuli did not affect 
flock members’ ‘D’ note usage in subsequent stimulus presentations. 
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Discussion 
The results in this experiment corroborate findings from my previous study 
(Chapter 2).  My first prediction, that there were no differences in seed-taking 
latencies for chickadees and titmice across all four stimuli, was supported.  On 
the population level, chickadees and titmice are equally bold, having similar seed-
latencies to novel and predator stimuli.  Additionally, chickadees and titmice had 
similar seed-taking latencies and ‘D’ note usage to the control and the wood 
stimuli, indicating that my walking up to and placing a stimulus on the feeding 
station did not significantly affect their behavior.  Thus, my second and sixth 
predictions were also supported.  Additionally, foraging latencies for both species 
were the longest to the predator stimulus, supporting prediction 4.  This was not 
surprising, because only two chickadees and two titmice foraged at the feeding 
station when the hawk was present.  Anecdotally, it seemed as if these birds were 
unaware of the hawk’s presence, so it is difficult to ascertain if these forays were 
due to extreme boldness or poor individual vigilance.   
Furthermore, chickadees and titmice had intermediate seed-taking 
latencies to the novel stimulus, thus supporting prediction 3.  These intermediate 
seed-taking latencies suggest that the birds were aware of the stimuli and were 
hesitant to forage near it.  It is likely that the bolder individuals, or individuals 
who were not deterred by the novel stimulus and thus had shorter latencies to 
take a seed, were the ones that foraged during this context, although individuals 
were not color-banded, therefore I cannot be certain. 
 Regarding calling behavior, chickadees had shorter call latencies than 
titmice across contexts, a result that supports my fifth prediction as well as 
previous findings in Chapter 2.  In fact, they reacted most strongly to the 
predator stimulus, calling significantly sooner than titmice.  Therefore, prediction 
7, which postulated that chickadees and titmice would have graded latencies to 
respond to novel stimuli compared to baseline contexts and predator stimuli, was 
not supported.  Chickadees seem to play a sentinel-like role in these flocks 
(Browning et al., in prep.; Soard & Ritchison, 2009; Templeton & Greene, 2007).  
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In a mixed-species group of tamarins, Avila-Pires saddle-back tamarins, 
Saguinus fuscicollis avilapiresi, and red-cap moustached tamarins, S. mystax 
pileatus, differentially react to predators (Peres, 1993).  For example, saddle-back 
tamarins are better at detecting terrestrial predators, whereas the moustached 
tamarins are better at detecting aerial and arboreal predators.  As such, their 
mixed-species grouping is suggested to be related to the collective protection 
both species provide.  In the future, it would be interesting to test mixed-species 
flocks of chickadees and titmice with several other predator types, such as a 
terrestrial cat, arboreal snake, or predator in flight, to determine if chickadees are 
also the first to vocally react and detect these predator types.  Similarly, novel 
objects could be placed on the ground (as a terrestrial threat) or rigged on a 
zipline as a possible aerial threat (e.g. Zachau & Freeberg, 2012).  Perhaps 
chickadees are better at detecting perched predators or threats in the upper 
canopy, where they typically forage.  Titmice prefer foraging on the ground and 
lower in the canopy (Cimprich & Grubb, 1994) and may be better suited for 
detecting terrestrial and aerial predators.   
 Interestingly, studies show that there are differences in visual acuity of 
chickadees and titmice, which can influence anti-predator behavior.  Chickadees 
have lower visual acuity than titmice, and therefore have higher head movement 
rates to scan than titmice (Moore, Doppler, Young, & Fernández-Juricic, 2013).  
White-breasted nuthatches, frequent flock followers, have better visual acuity 
than both chickadees and titmice.  These differences in visual acuity may explain 
why previous studies have noted that chickadees and nuthatches are typically the 
first to mob a predator.  With chickadees’ need for higher scanning rates to 
overcome their visual shortcomings and the better visual acuity of nuthatches, it 
is likely these species are able to detect predators well.  In instances where 
nuthatches are not participating in the flock, or when nuthatches are foraging on 
tree trucks, thus blocking much of their vision, chickadees may be the most 
vigilant species in the flock.   
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 Lastly, regarding ‘D’ note usage, chickadees were found to use more ‘D’ 
notes across stimuli and contexts compared to titmice.  This mirrors the results 
from Chapter 2.  One interesting difference between the two studies, though, is 
that chickadees and titmice increased their ‘D’ notes in the presence of the three 
novel stimuli in Chapter 2, but did not increase their ‘D’ note production above 
baseline for the novel Mega Bloks® objects in this study.  In fact, they only 
increased their ‘D’ notes for the predator stimulus, which supported previous 
research (Courter & Ritchison, 2009; Soard & Ritchison 2009; Templeton et al., 
2005), but did not support my eighth prediction that they would have a graded 
threat response. Why might this be?  In the experiment described in Chapter 2, 
the person stimulus did not affect birds as strongly as the bowl and dove.  One 
could argue that the bowl stimulus was more salient, because it required the birds 
to touch it to obtain food, compared to the other stimuli.  Similarly, it is possible 
that flock members were treating the dove stimulus as a food competitor, which 
may explain an increase in ‘D’ notes – they could have been scolding it in an 
attempt to get it to leave the feeding station (e.g. Haythorpe, Sulikowski, & Burke, 
2012).  In the current experiment, the Mega Bloks® object was placed far enough 
away from the food, such that individuals did not have to touch it (although some 
titmice did land on it). 
 In view of the results of Chapter 2 and this chapter, a possible association 
between boldness (measured by latency to take a seed near a novel or threatening 
stimulus) and vocal behavior in chickadees and titmice was not observed.  In fact, 
the only indication that there may be a difference in boldness and shyness 
between chickadees and titmice is that chickadees have shorter calling latencies 
than titmice.  This finding, however, may be related to other behavioral 
characteristics of chickadees, such as their ability to detect threats.  In addition, 
because chickadees and titmice had similar foraging latencies in the presence of 
both novel and predator stimuli, I cannot say that one species is more bold or 
neophilic than the other.   
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 In conclusion, chickadees and titmice do treat novel stimuli differently 
from predator stimuli, and this is observed by a graded increase in their foraging 
latencies.  Vocally, chickadees consistently have shorter latencies to vocalize 
compared to titmice, and this may be related to their perceptual abilities or to 
something more global, such as their flock size or composition.  For example, 
perhaps the ratio of ‘fast responding’ chickadees and titmice influences foraging 
and calling behavior.  Future studies are needed to better understand these 
differences in vocal behavior between chickadees and titmice in novel and 
threatening contexts. 
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Appendix A: Figures 
   
    
Figure 5.  Experiment Two: the four stimulus contexts. Top (left to right): 
baseline no-stimulus, wood context.  Bottom (left to right): Mega Bloks® novel 
object, plastic Cooper’s hawk model.  
72 
 
 
Figure 6. Experiment Two: the (log) mean seed-taking latencies for each 
stimulus.  Error bars represent means with 95% confidence intervals.  Letters 
represent significant differences between stimuli.  There were no species 
differences in mean seed-taking latencies.  
  
     A            A      B           C 
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Figure 7. Experiment Two: the (log) mean call latencies for each stimulus.  
Error bars represent means with 95% confidence intervals.  Letters represent 
significant differences between stimuli.  Chickadees had significantly shorter 
calling latencies than titmice to the wood and predator stimuli (denoted by stars). 
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Figure 8. Experiment Two: the (log) mean ‘D’ notes per call for each stimulus.  
Error bars represent means with 95% confidence intervals.  All significant 
between-species comparisons are noted with stars.  Chickadees used significantly 
more ‘D’ notes in each call than titmice across stimulus presentations (denoted by 
stars).  Differences in mean ‘D’ notes used for each stimulus are noted with 
letters.  Both species only significantly increased the number of ‘D’ notes per call 
when the hawk stimulus was presented. 
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Appendix B: Tables 
Table 7.  Experiment Two: predictions 
 Prediction  Supported? 
S
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1. There would be no species differences in 
seed-taking latencies. 
 
  
Yes 
2. There would be no differences in seed-
taking latencies in the no-stimulus baseline 
context compared to the wood control 
context. 
 
  
Yes 
3. Chickadees and titmice would significantly 
increase their latencies to forage in the 
presence of the novel stimuli compared to the 
baseline and control stimulus presentations. 
 
  
Yes 
4. The predator stimulus would result in the 
longest seed-taking latencies compared to the 
remaining contexts (baseline, wood control, 
and novel). 
 
  
Yes 
C
a
ll
in
g
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a
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n
c
ie
s
 
 
5. Chickadees would have shorter calling 
latencies than titmice across contexts. 
 
  
Yes 
6. There would be no differences in calling 
latencies in the no-stimulus baseline context 
compared to the wood control context. 
 
  
Yes 
7. Chickadees and titmice would have graded 
latencies to call in the novel context 
compared to baseline and predator contexts, 
based on degree of threat. 
 
 No, chickadees and 
titmice only 
decreased their 
latencies in the 
predator context. 
    
‘D
’ 
N
o
te
 
U
s
a
g
e
 
8. If chickadees and titmice perceive the 
novel Mega Bloks® object as less threatening 
than a Cooper’s hawk model, that they would 
have a graded response, using an 
intermediate number of ‘D’ notes in the novel 
context compared to baseline and predator 
contexts. 
  
No, chickadees and 
titmice only 
increased their ‘D’ 
notes significantly in 
the predator context. 
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Table 8. Experiment Two: mean latencies (in sec) and rates (per/10 minutes) for 
foraging and calling behavior. 
 Chickadee Titmouse 
 Control Wood Novel Hawk Control Wood Novel Hawk 
         
Seed-taking 
Latency  
56.0 47.4 319.1 569.5 51.9 48.3 213.8 557.9 
         
Seed Takes 9.87 8.93 2.39 0.06 9.00 8.87 3.90 0.09 
         
Call Latency  108.2 157.5 144.2 33.2 171.2 218.7 162.5 84.6 
         
Call Rate 6.45 4.37 9.63 23.53 4.06 3.12 7.50 37.86 
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Table 9. Experiment Two: mixed-model results for seed-taking latencies.  Bold 
values are statistically significant. 
 Numerator  
df 
Denominator 
df 
F Sig. 
Intercept 1 41.0 3,214.1 < 0.001 
Species 1 133.3 0.3 0.569 
Stimulus 3 88.8 224.8 < 0.001 
Species * Stimulus 3 88.8 1.6 0.195 
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Table 10. Experiment Two: mixed-model results for call latencies.  Bold values 
are statistically significant. 
 Numerator  
df 
Denominator 
df 
F Sig. 
Intercept 1 31.4 1,115.8 < 0.001 
Species 1 133.6 13.0 < 0.001 
Stimulus 3 97.3 12.4 < 0.001 
Species * Stimulus 3 97.3 0.3 0.838 
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Table 11. Experiment Two: mixed-model results for ‘D’ note usage.  Bold values 
are statistically significant. 
 Numerator  
df 
Denominator 
df 
F Sig. 
Intercept 1 24.3 2,797.9 <0.001 
Species 1 144.4 96.0 <0.001 
Stimulus 3 76.9 3.7 0.015 
Species * Stimulus 3 76.6 0.2 0.884 
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CHAPTER IV: 
MIXED-SPECIES FLOCK SIZE INFLUENCES CHICKADEE 
REACTIONS TO NOVEL AND PREDATOR STIMULI: AN 
AVIARY STUDY 
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My contributions to this work include: (a) formulating the research idea and 
hypothesis (b) designing the experiment (c) trapping and banding all birds (d) 
collecting all data (e) doing the statistical analysis (f) interpreting results and (g) 
writing the manuscript.   
Abstract 
Mixed-species flocks of Carolina chickadees, Poecile carolinensis, and tufted 
titmice, Baeolophus bicolor, form during the overwintering months, and 
together, obtain many benefits, including increased foraging efficiency and 
decreased predation risk.  Previous studies have shown that chickadees have 
significantly shorter calling latencies than titmice across several contexts, 
including in the presence of novel and predator stimuli.  This difference may be 
related to the relative number of sentinel-like chickadees participating in the 
flock.  Therefore, using aviaries, I tested the influence of chickadee flock size (two 
or four conspecifics) and the presence or absence of four titmice on chickadee 
calling behavior in two threatening contexts: low-threat novel object contexts and 
high-threat predator stimulus contexts.  Sixteen aviaries total were presented 6 
predator stimuli and 6 novel stimuli, one per day, and calling and foraging 
behavior was audio recorded.  Using principal components analysis, call latencies 
and call rates loaded onto one factor (Calling Behavior), such that higher Calling 
Behavior scores indicated higher calling rates and shorter latencies to call.  
Foraging rates and foraging latencies load onto another factor (Feeder 
Avoidance) such that higher Feeder Avoidance scores indicated longer latencies 
to forage and lower foraging rates.  Chickadees had lower Calling Behavior and 
Feeder Avoidance scores in novel object contexts compared to the predator 
contexts.  They also produced fewer ‘D’ notes in their calls during the novel 
contexts compared to the predator contexts.  Regarding flock size, chickadees had 
lower Calling Behavior scores when four chickadees were present compared to 
only two chickadees.  Additionally, chickadee Calling Behavior scores were lower 
in the presence of titmice compared to when they were absent.  Taken together, 
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these results suggest that group size influences anti-predator behavior, such that 
chickadees react less strongly to threatening stimuli in larger groups compared to 
when they are in smaller groups.   
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Introduction 
We learned to be patient observers like the owl. 
We learned cleverness from the crow, 
and courage from the jay, who will attack an owl  
ten times its size to drive it off its territory. 
But above all of them ranked the chickadee 
because of its indomitable spirit. 
(Jones, 1978, p. 103) 
 
Mixed-species groups occur across several taxa, including primates (e.g. 
Heymann & Buchanan-Smith, 2000), fish (Ward, Axford, & Krause, 2002), 
ungulates (Fitzgibbon, 1990), and birds (Moynihan 1962; Morse, 1970).  
Members in these groups obtain many benefits, including decreased predation 
risk and increased foraging efficiency (Lima & Dill, 1990).  Some postulate that it 
is the ability for heterospecifics to exploit information from one another, 
especially high-quality information (Bell, Radford, Rose, Wade, & Ridley, 2009), 
that is a driving force in the formation of mixed-species groups (Goodale, 
Beauchamp, Magrath, Nieh, & Ruxton, 2010).  For example, groups members can 
use signals to determine predator type (Rainey, Zuberbühler, & Slater, 2004), or 
degree of threat (Bell, Hankison, Laskowski, 2009; Fallow & Magrath, 2010; 
Templeton & Greene, 2007).  In addition, some participants may be better able to 
find important resources, including food.  Turkey vultures, Cathartes aura, and 
black vultures, Coragyps atratus, for example, are communal roosters and 
benefit from such group living by gleaning information from their roost mates 
(Buckley, 1996).  Turkey vultures have a more acute sense of smell, and thus are 
able to find food more quickly than black vultures, which mainly use visual cues 
(Buckley, 1996).  Therefore, black vultures usually use cues from turkey vultures 
to find food.  Overall, it is important to assess the costs and benefits associated 
with species participating in mixed-species groups.   
Mixed-species flocks of Carolina chickadees and tufted titmice and other 
follower species, including white-breasted nuthatches and downy woodpeckers, 
have been studied in an attempt to determine the costs and benefits of mixed-
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species avian flocks.  Many of these studies have focused on how flocking 
influences anti-predatory behavior, including vigilance and alarm calling.  
According to the ‘many eyes’ hypothesis, vigilance per individual should decrease 
as the number of participating members increases (Lima & Dill, 1990).  This is 
evident for downy woodpeckers and white-breasted nuthatches, as they spend 
less time being vigilant when participating in the flock and, as a result, are able to 
spend more time foraging (Sullivan, 1985b, Dolby and Grubb, 1998).  Similarly, 
downy woodpeckers gave alarm calls less often in response to predators when 
other members of the mixed flock were present (Sullivan 1985a).  However, when 
titmice were removed from woodlots, chickadee vigilance behavior did not 
increase (Cimprich & Grubb, 1994).  In addition to benefiting from the presence 
of ‘many eyes’ and reducing alarm calling behavior when other individuals are 
present, some individuals benefit from other flock members’ speed of detection 
and defense against predators.  For example, chickadees and nuthatches are 
typically the first to approach and start mobbing threatening predators compared 
to titmice (Nolen & Lucas, 2009). 
Furthermore, chickadees and titmice in these flocks are known to use 
graded vocal signals to identify the degree of predation threat (Courter & 
Ritchison, 2010; Soard & Ritchison, 2009).  Chickadees also obtain information 
from titmouse calls regarding degree of predator threat (Hetrick and Sieving, 
2012).  Other flock members obtain information from chickadee and titmouse 
vocalizations.  For example, chickadees and titmice frequently call to each other 
to maintain contact within mixed-species flocks (Hailman, 1989).  Downy 
woodpeckers use these contact calls to assess the presence of heterospecific flock 
members (Sullivan, 1984).  Downy woodpeckers also respond to heterospecific 
alarm calls, but rarely produce alarm calls themselves.  They use the calls of 
chickadees and titmice as an ‘all clear’ signal after the danger of predation has 
passed (Sullivan, 1984).   
In order to better understand the intricacies of the relationships between 
species participating in these mixed-species flocks, previous research tested 
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whether species-level behavioral traits, such as neophobia and neophilia or 
shyness and boldness could help explain the differential reactions to novel and 
predator stimuli observed (Chapters 2 and 3).  For example, why might 
chickadees be more likely to mob a predator compared to titmice?  Is it related to 
their subordinate status in relation to titmice? What about species-level 
behavioral traits?  In a mixed-species group, having a species that is bolder or 
more neophilic can be advantageous, especially if individuals with these traits 
tend to inspect threats more often (e.g. Pellegrini, Wisenden, & Sorensen, 2010) 
and explore novel microhabitats where food or safe shelter may be found (e.g. 
Wilson et al., 1993).  Previous research, however, showed there was no evidence 
that either species was more neophilic or bold than the other, based on latencies 
to forage near novel or threatening stimuli (Chapters 2 & 3).  Interspecific 
dominance hierarchies did not seem to be influential, either.  However, because 
those studies also measured the vocal behavior of flock participants, interesting 
results revealed that chickadees consistently had shorter chick-a-dee calling 
latencies compared to titmice, and called significantly faster in predator contexts. 
In addition, although chickadees had shorter calling latencies, they did not have 
higher calling rates than titmice across contexts (Browning, unpublished data).   
 A decrease in chick-a-dee call latency in the presence of threatening 
stimuli is important, as it can serve to alert other participating flock members of 
potential threat (Baker & Becker, 2002).  Latencies to call can also indicate the 
urgency of the threat, as was observed when black-capped chickadees were 
presented hawk models at two distances, 1 m (higher threat) and 6 m (lower 
threat) (Baker & Becker, 2002).  Chickadees had a shorter latency to call when 
the hawk was at the more threatening distance of 1 m.   
 The ‘many eyes’ hypothesis postulates that an increase in the number of 
members in a group decreases the level of vigilance each individual participating 
in the group needs (Krause & Ruxton, 2002).  Previous studies testing the ‘many 
eyes’ hypothesis in mixed-species flocks of chickadees and titmice have found 
that removal of titmice modified the foraging habits of chickadees, but did not 
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increase their overall vigilance (Cimprich & Grubb, 1994).  In contrast, titmice 
who foraged alone had higher vigilance rates compared to when they were 
foraging with chickadees (Pravosudov & Grubb, 1999).  While the previous 
experiments in Chapters 2 & 3 did not overtly measure vigilance (by means of 
head turns or ‘look ups’), there was an assumed trade-off between vigilance and 
foraging, such that the more vigilant an individual was, the less foraging it was 
able to do (Dolby & Grubb, 1998).  Additionally, individuals who are less vigilant 
because they are participating in heterospecific groups are less likely to vocalize 
during threat (Sullivan 1985a).  Previous results (Chapters 2 & 3) did not observe 
species differences in foraging behavior in threatening contexts, but did observe 
species differences in calling behavior in threatening contexts.  More specifically, 
chickadees had significantly shorter calling latencies than titmice in both novel 
and predator contexts.  This may have been due to normal flock variations in the 
number of species participating. 
In light of this, in the current experiment, I wanted to further explore why 
chickadees had shorter latencies to call compared to titmice.  Considering the 
previous research on the costs of interspecific interactions to chickadees (e.g. 
Pravosudov & Grubb, 1999), and how the absence of titmice improved chickadee 
foraging behavior (Cimprich & Grubb, 1994), I wanted to determine how flock 
composition influenced chickadee behavioral and vocal reactions to novel and 
predator stimuli.  Using semi-naturalistic aviaries, I manipulated the presence or 
absence of titmice, and also manipulated chickadee flock size (2 or 4 individuals).  
In East Tennessee populations, the average number of chickadees and titmice per 
flock is 3.4 ± 1.2 SD and 3.1 ± 1.1 SD, respectively (Chapters 2 & 3).  Therefore, I 
aimed to capture flocks of 4 individuals for each species, but due to difficulties 
trapping 4 chickadees at certain locations, half of the chickadee flocks only had 2 
individuals.  Thus, chickadee flock sizes mimicked natural fluctuations in 
chickadee flock size, with half of the flocks being ‘average-sized’ with 4 
chickadees and half being ‘small-sized’ with 2 chickadees.  Each aviary flock was 
tested with a total of 6 novel and 6 predator stimuli and foraging rates and 
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latencies as well as calling rates and latencies were recorded.  Additionally, 
because previous research consistently showed significant differences between 
baseline contexts and novel and predator contexts, I focused on the behaviors 
observed in the novel and predator contexts in this study. 
Stimuli 
Many experiments testing for chickadee and titmouse reactions to predator 
stimuli use either real hawks and owls or models of these species (Baker & 
Becker, 2002; Bartmess-Levasseur et al., 2010; Courter & Ritchison, 2010; 
Templeton, Greene, & Davis, 2005).  There is a negative correlation between the 
number of ‘D’ notes used per call and the wingspan of avian predators (Courter & 
Ritchison, 2010; Soard & Ritchison, 2009).  This would lead one to believe that 
avian predators with smaller wingspans, such as eastern screech owls, 
Megascops asio, and sharp-shinned hawks, Accipiter striatus, would be more 
threatening than larger owls and hawks, such as great horned owls, Bubo 
virginianus, and Cooper’s hawks, Accipiter cooperii.  In fact, avian predators 
such as the sharp-shinned and Cooper’s hawks have been listed as the main avian 
predators of chickadees (Mostrom, Curry, & Lohr, 2002) and titmice (Grubb & 
Pravasudov, 1994).  Snakes are also listed as nest predators for both species 
(Grubb & Pravasudov, 1994; Mostrom, Curry, & Lohr, 2002).  As such, in order to 
present a variety of predator stimuli, I included stimuli of differing perceived 
threat, including a plastic great horned owl and a plastic snake, as well as stuffed 
study skins of eastern screech owls, a Cooper’s hawk, and a sharp-shinned hawk 
(Figure 9).     
 A variety of novel stimuli were also presented.  Stimulus size and color can 
influence reactions to novelty (Berlyne, 1950; Greenberg, 1993).  For example, 
various species of warblers had longer latencies to approach large leaves 
compared to small leaves (Greenberg, 1983).  The color pink is also consider 
novel, because pink is not a color frequently seen in their environment, and 
therefore individuals are not likely to associate it with any prior stimuli (Kluen, 
Kuhn, Kempenaers, & Brommer, 2012).  For that reason, I chose to use colorful 
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objects, including two pink objects (a baby rattle and a ball), a trio of plush 
bowling pins, a wooden bird model, a Bristle Block Stackadoo ® object, and a 
paper 3D star. 
Predictions 
Foraging Behavior 
Based on previous research, I expected that 1. Foraging rates and 
foraging latencies would be negatively correlated.  Because chickadees have 
been known to forage in more preferred areas when titmice were removed 
(Cimprich & Grubb, 1994), I predicted that 2. Chickadees would have 
significantly shorter foraging latencies and higher foraging rates when titmice 
were absent compared to when they were present.  Because vigilance rates 
should decrease with increasing number of individuals present (Krause & 
Ruxton, 2004), 3. Chickadees in flocks of four individuals were predicted to have 
higher foraging rates and shorter foraging latencies than flocks with two 
chickadees. Additionally, across flock compositions, 4. Chickadees were 
predicted to have higher foraging rates and shorter foraging latencies in the 
novel contexts compared to predator contexts based on similar results (Chapters 
2 & 3). 
Calling behavior 
 It was predicted that 5. There would be a negative relationship between 
calling rates and calling latencies.  Additionally, 6. Higher calling rates and 
lower latencies to call were predicted in the predator contexts compared to 
novel contexts.   
 There are two possible effects that group size and/or composition can have 
on chickadee calling behavior.  One, call rates in social groups have been shown 
to increase as a function of group size (e.g. Payne, Thompson, & Kramer, 2003).  
Furthermore, number of alarm callers can be indicative of threat urgency, as is 
the care in Richardson’s ground squirrels, Spermophilus richardsonii (Sloan & 
Hare, 2008).  Squirrels increased the time spent being vigilant when two 
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squirrels were alarm calling compared to only one.  Because the ‘many eyes’ 
hypothesis postulates that larger groups should be better equipped to recognize 
threats (Lima & Dill, 1990), one could assume that these groups vocalize about 
the threat with a faster latency and also have higher calling rates.  Therefore, I 
predicted that 7a. An increase in flock size, whether it be intraspecific (only 2 
chickadees to only 4 chickadees) or interspecific (4 chickadees only to 4 
chickadees and 4 titmice) would decrease calling latencies and increase calling 
rates.  Flocks with four chickadees are therefore predicted to have shorter calling 
latencies than flocks with 2 chickadees, because more ‘sentinel-like’ individuals 
would be present to react to the stimuli.   
 However, another postulate of the ‘many eyes’ hypothesis is that, in larger 
groups, individual vigilance levels are reduced, thus reducing stress and 
providing more time for foraging.  Birds with higher energetic stress levels, or 
increased stress due to lack of proper nutrition, are known to have higher calling 
rates (Lucas, Schraeder, & Jackson, 1999).  Therefore one could predict that 7b. A 
decrease in flock size, whether it be intraspecific or interspecific, will require 
higher vigilance levels, causing birds to forage less often, and therefore result in 
higher individual stress levels.  Subsequently, this stress can manifest as higher 
calling rates and shorter calling latencies.   
 ‘D’ Note Usage 
Broadband ‘D’ notes are used often in mobbing contexts (Courter & Ritchison, 
2009; Nolen & Lucas, 2009; Sieving, Contreras, & Maute, 2004; Sieving, Hetrick, 
& Avery, 2010; Soard & Ritchison 2009; Templeton, Greene, & Davis, 2005).  
Previous studies show that they are used more often in predator contexts 
compared to novel contexts, during which chickadees treat the novel stimulus 
much like baseline contexts (Chapter 3).  Considering this, I predicted this study 
would repeat these findings, such that 8. More ‘D’ notes would be used in calls 
for predator contexts compared to novel contexts.  Additionally, because 
mobbing calls are used to attract more species to the location (Gunn et al., 2000), 
I predicted that 9. Individuals in smaller flock sizes would use more ‘D’ notes in 
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their calls than individuals in larger flock sizes, regardless of mixed-species 
flock composition.  Furthermore, if chickadees do play a more ‘sentinel-like’ role 
in these flocks, then 10. Flocks with more chickadees were predicted to use more 
‘D’ notes than flocks with fewer chickadees. 
Methods 
Data were collected from October 2013 through February 2014 and October 2014 
through January 2015 with two rounds of data collected during the first winter 
and two additional rounds collected during the second winter.  Chickadees and 
titmice were captured from independent flocks separated by at least 400m 
(Bartmess-LeVasseur et al., 2010) at the University of Tennessee Forest 
Resources AgResearch and Education Center (UTFRREC) in Oak Ridge, 
Tennessee (35°59’37.40”N, 84°12’58.08”W, elevation 309 m) using walk-in 
treadle traps. These traps were placed on a wooden board (24cm X 40cm X 2cm) 
atop a steel pole (1.8 m in height) and baited with a 1:1 mixture of sunflower and 
safflower seeds.  I tried to capture all birds using walk-in treadle traps because 
there is evidence that trapping experience has long term behavioral consequences 
(Linhart, Fuchs, Poláková, & Slabbekoorn, 2012).  However, if the required 
number of birds had not been captured after at least five treadle trapping days at 
a single site, mist nets were used to capture the remaining birds.  I only had to 
use mist nets to capture 3 of the total 48 birds used in this study.  After being 
captured, all chickadees were fitted with unique colored leg bands.  They were 
then weighed, had their wing-chords measured in order to ascertain sex (based 
on Harvey & Freeberg, 2008) and released into an aviary.  Captured titmice were 
fitted with unique colored leg bands and were released into an aviary.  No 
additional measurements were made for titmice.  
Aviaries 
There were four semi-naturalistic outdoor aviaries (6m X 9m X 3.5m) that had at 
least two young trees (maximum of 3 m in height), multiple perches hanging 
from the ceiling, and branches resting in the aviary corners.  There was also a 
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building attached to one side of the aviary that provided shelter from the 
elements.  A feeding station was placed in the center of each aviary, on a metal 
pole (height varied between 127-140 cm) fixed with a wooden board on top (71cm 
long X 24 cm wide).  This is where all stimuli were placed during data collection.  
A long perch was placed about half a meter above the feeding station.  Food and 
water were provided ad libitum in variously sized plastic bowls and ceramic 
ramekins and were placed on the central feeding stand and in the building. Ad 
libitum foods included safflower seeds, sunflower seeds, peanut suet pellets, a 
fruit and nut mixture, and shelled sunflower seeds.  Their most preferred foods, 
dried mealworms and live mealworms, were only provided on acclimation and 
data collection days.   
Flock Compositions 
The number of chickadees (two or four) and the presence or absence of titmice 
(zero or four) was manipulated (Figure 10).  Two chickadees were placed in two 
aviaries and four chickadees were placed in the other two aviaries, resulting in 12 
total chickadees per aviary round.  Chickadees placed in the same aviaries were 
mostly trapped from the same site, and therefore were participating in the same 
flock, although six chickadees had to be captured from neighboring flocks due to 
difficulties trapping the necessary number of birds from the same flock. Once all 
twelve chickadees had been captured for an aviary round, four titmice were 
captured from two sites and placed into each of two aviaries.  One of the eight 
titmice groups had three titmice rather than four.  I was only able to capture 
three titmice at one site, and because titmice react aggressively to non-flock 
members in the aviaries (Freeberg, personal communication), I did not attempt 
to capture another bird from a neighboring site. 
Acclimation 
Once all chickadees and titmice had been captured, flocks were given at least one 
week to acclimate to the aviaries and to my presence.  Each day during the 
acclimation period, I sat in the aviaries in the same location I would sit during 
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real data collection for forty-five minutes to one hour per day.  I observed the 
birds, calling out their behavior to acclimate them to my voice as well.  Birds were 
also introduced to live mealworms during this time.  Aviaries were prepared for 
data collection once all birds were acclimated to my presence and readily fed 
from the central feeding station. 
Procedure 
In a given aviary, a microphone was placed within 1 m and facing the central 
feeding station.  It was connected to a Marantz PMD660 portable digital recorder 
that recorded sound files onto a compact flash memory card at a sampling rate of 
44.1 kHz and 16-bit resolution.  Access to the inner aviary building was blocked.  
The highly preferred dried and live mealworms were placed on the central 
feeding stand, but other food options (e.g. sunflower seeds) were left on the 
feeding stand, and a 10-minute baseline audio recording was started.  Calling 
behavior, foraging behavior, and dominance interactions (chases and supplants) 
were noted for each chickadee.  After the 10-minute baseline audio recording, I 
quickly placed the stimulus on the central feeding stand, opposite the food, and 
began the stimulus audio recording.  Stimulus audio recordings lasted 30-
minutes at most, though calling behavior of each chickadee was only noted for 
the first 10-minutes.  An extra 20 minutes was provided to allow time for the 
more shy birds to approach and/or feed near presented stimuli.  If all chickadees 
in a flock foraged at the central stand prior to the 30-minute cap, the audio 
recording was ended.  
Stimuli 
During each round, an aviary was presented with a total of six predator and six 
novel stimuli (Figure 9, located at the end of this chapter in Appendix A).  
Predator models included study skins of a sharp-shinned hawk, Accipiter stiatus, 
red morph of an eastern screech owl, Megascops asio, grey morph of an Eastern 
screech owl, Cooper’s hawk, Accipiter cooperii, plastic coiled rattlesnake, and 
plastic great horned owl, Bubo viginianus.  The rattlesnake was not a predator to 
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these species, but resembled the general shape of an eastern rat snake, 
Pantherophis alleghaniensis, a natural nest predator of chickadees and titmice.  
In order to maintain the study skins in an upright position on the feeding station, 
wire was shaped around a bamboo rod, such that a pocket was formed where the 
tail and feet of the study skins could be placed, thus keeping the model in a stable 
upright position.  The bamboo rod was then fastened to the feeding station with a 
c-clamp.   
Novel stimuli consisted of a Bristle-block Stackadoo ® object, Hello Kitty 
Ball, 3D paper star, wooden bird model, a trio of stuffed bowling pins (Fun Years 
Soft Starts©), and a plastic geometric pink baby rattle.  Each aviary round was 
presented with all twelve stimuli in the same order, with one stimulus being 
presented to each aviary per day. 
Titmouse-Switching 
After the first three predator stimuli and three novel stimuli had been presented 
to each aviary, the two sets of four titmice that were in two aviaries were captured 
using baited walk-in treadle traps placed on the central feeding station in the 
aviaries and moved to the two aviaries that previously did not have titmice 
(Figure 10).  Once all titmice had been switched to their new aviaries, birds were 
given at least four days to acclimate to their new flock compositions.  Afterwards, 
the remaining three predator stimuli and three novel stimuli were presented to 
the flocks. 
Statistical Analyses 
All audio recordings were saved as .wav files and viewed in Cool Edit Pro (2.0).  
From these recordings, latencies to forage from the central stand, foraging rates, 
latencies to call, and calling rates were obtained for each chickadee.  Calls from 
each chickadee were coded based on the number of ‘D’ notes per call. 
SPSS (Version 22) was used to run the statistical analysis.  Factor analysis 
was done on the four main dependent variables (call latency, call number, 
foraging latency, foraging visits) for each individual chickadee, using principle 
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components analysis (PCA) with a Varimax rotation.  Mixed models analyses 
were run on each resulting Factor, with individual ‘Chickadee’ as a random factor 
and ‘Titmice Present’ and ‘Stimulus’ as repeated factors.  Given the significant 
effects of novel and predator stimuli found in the two previous experiments, this 
study focused only on the differences observed in the Novel and Predator 
contexts and removed the Baseline contexts from analysis.  If significant 3-way or 
2-way interactions were found, further mixed models analyses were run to 
determine the relationship between the interacting factors.  Similar analyses and 
data exploration were done for ‘D’ notes.   
Results 
One hundred and twenty eight hours of sound recordings were obtained from 48 
chickadees housed in 16 semi-naturalistic aviary flocks, resulting in 15,065 coded 
chickadee calls.  Of those coded calls, approximately 92% were from identified 
flock members and approximately 8% were from unidentified flock members. 
 Factor analysis reduced the four independent variables to two factors, 
accounting for 75.9% of the variance.  Foraging latency (0.897) and foraging rates 
(-0.892) loaded onto PC1 (Feeder Avoidance) such higher PC1 scores were 
associated with longer latencies for an individual to forage at the central stand 
and fewer foraging visits at the central feeding stand in a 10-minute period.  
Similarly, call latency (-0.845) and call rates (0.811) loaded onto PC2 (Calling 
Behavior) such that higher PC2 scores were associated with shorter latencies for 
an individual to call and a higher individual calling rate during a 10-minute 
period.   
PC1 (Feeder Avoidance) 
There was a main effect of stimulus type, such that chickadees had shorter 
latencies to forage and had higher foraging rates (lower Feeder Avoidance scores) 
in novel contexts compared to predator contexts (Figure 11; Table 13).  See Table 
14 for average seed and call latencies and rates.  There was also a significant 
three-way interaction between ‘chickadees present’, ‘titmice present’, and 
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stimulus ‘type’ (novel, predator) (Figure 12).  Flocks of four chickadees had faster 
latencies to forage and higher foraging rates in the presence of novel stimuli, 
when titmice were also present.  When no titmice were present, flocks of four 
chickadees have significantly lower Feeder Avoidance scores than flock of two 
chickadees when a predator was presented. 
PC2 (Calling Behavior) 
There was a significant main effect for stimulus type, such that chickadees had 
significantly higher Calling Behavior scores (shorter latencies and higher calling 
rates) in the predator contexts compared to the novel contexts (Figure 13; Table 
15).  There was also a significant main effect for number of chickadees present, 
such that flocks with 4 chickadees had shorter calling latencies and higher calling 
rates than flocks with 2 chickadees.  Similarly, there was a significant main effect 
for presence of titmice, where flocks with titmice had significantly longer calling 
latencies and lower calling rates than flocks without titmice. 
‘D’ Note Usage 
There was a significant effect of stimulus type, such that chickadees used 
significantly more ‘D’ notes in the Predator context compared to the Novel 
context (Figure 14; Table 16).  There were no other significant main effects or 
interactions.   
Discussion 
The results in this experiment suggest that group size influences chickadee 
behavior in the presence of novel and predator stimuli.  As was predicted from 
previous research, chickadee foraging rates and foraging latencies were 
associated and were combined into a single principal component, named ‘Feeder 
Avoidance’ (prediction 1).  A low ‘Feeder Avoidance’ score indicated that 
chickadees had higher foraging rates and shorter foraging latencies.  Similarly, 
calling latency and calling rate were negatively associated as predicted 
(prediction 5) and were combined into another principal component, named 
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‘Calling Behavior’.  Together, these variables and ‘D’ note usage depended on the 
stimulus type presented, chickadee flock size, and presence or absence of titmice. 
Novel versus Predator Stimuli 
As expected, chickadees differentially reacted to novel and predator stimuli.  
Regardless of conspecific flock sizes or the presence or absence of titmice, 
chickadees exhibited less Feeder Avoidance in novel stimulus contexts compared 
to predator stimulus contexts (prediction 4).  Chickadees also had longer 
latencies to call and lower calling rates in novel contexts compared to predator 
contexts, thus supporting prediction 6.  Finally, chickadees used more ‘D’ notes in 
their calls in predator contexts compared to novel stimulus contexts, supporting 
prediction 8.  Together, these results suggest that novel stimuli affect chickadee 
calling and foraging behavior, but not as strongly as predator stimuli.   
Effect of Chickadee Flock Size  
Half of the flocks tested in this experiment had two chickadees participating and 
the other half had four chickadees participating.  The prediction that chickadees 
would have significantly less Feeder Avoidance when four chickadees were in the 
flock compared to only two (prediction 3), was not supported.  Even if chickadees 
in the smaller flocks were required to be more vigilant than chickadees in flocks 
of four, this did not significantly affect their foraging rates in the presence of 
novel and predator stimuli.   
 Nevertheless, chickadee group size did affect Feeder Avoidance in predator 
contexts (but not in novel context) when titmice were not present.  Chickadees in 
flocks of four avoided the feeder significantly less than chickadees in flocks of 
two.  This suggests that chickadees are faster to approach predators when more 
conspecifics are present.  Chickadees have been known to be one of the primary 
responders to predators, approaching and mobbing perched predator stimuli 
quicker than titmice (Nolen & Lucas, 2009).  This may be related to the greater 
probability that a chickadee will detect and respond to a predator when four are 
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present versus two, assuming the ‘many eyes’ hypothesis (Krause & Ruxton, 
2002).    
 Additionally, chickadee flock size affected Calling Behavior.  Flocks with 
only two chickadees had shorter calling latencies and higher calling rates than 
flocks of four chickadees.  These results support prediction 7b, suggesting that 
possible stressors to chickadees participating in smaller flocks (e.g. increased 
individual vigilance levels; Lima, 1995) increased their calling behavior (e.g. 
Lucas, Schraeder, & Jackson, 1999).  Flocks with four chickadees had lower 
Calling Behavior scores across contexts.  This was likely due to a dilution of 
vigilance which reduced individual stress levels and resulted in lower calling rates 
and longer calling latencies.  Future studies should include vigilance measures, 
such as rate of ‘look ups’ per individual, to gauge if calling rates and vigilance are 
negatively associated. 
 While chickadees in flocks of four called significantly less than chickadees 
with only two conspecifics in the flock, there was no effect of chickadee flock size 
on the number of ‘D’ notes used per call across contexts.  Thus, prediction 10 was 
not supported.  This suggests that even though chickadees in flocks of two 
increased their calling rates compared to chickadees in groups of four, they did 
not necessarily perceive their situation as more threatening.   
Effect of Presence or Absence of Titmice 
 In general, the absence of the socially dominant titmice did not 
significantly decrease chickadee Feeder Avoidance, thus not supporting 
prediction 2.  However, there was an effect of the presence or absence of titmice 
on Feeder Avoidance in novel stimulus contexts when four chickadees were in the 
flock.  Chickadees in flocks of four had significantly lower Feeder Avoidance 
when titmice were present compared to when they were absent.  Thus, chickadees 
were bolder in their reactions to novelty when titmice were also present.  This 
may either be an effect of flock composition or group size, as when titmice were 
present, there were 8 total birds participating as opposed to 4 birds when only 
chickadees were present.  Further research needs to address whether it is the mix 
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of chickadees and titmice in the flocks of eight participants that influenced 
Feeder Avoidance scores, or if it is an effect of ‘safety in numbers’, where any 
additional four bird species paired with four chickadees (e.g. an additional four 
chickadees or nuthatches) also results in a decrease in Feeder Avoidance. 
 Regarding Calling Behavior scores, the presence of titmice significantly 
decreased chickadee Calling Behavior across contexts compared to when titmice 
were absent.  In other words, when titmice were participating in the flock, 
chickadees had longer latencies to call and lower calling rates compared to when 
titmice were absent.  Again, this suggests ‘safety in numbers’ or a dilution of 
perceived risk when titmice are also participating in the flock.  The number of ‘D’ 
notes per chickadee call, however, was not influenced by the presence or absence 
of titmice, thus providing no support for prediction 9.  Because an increase in ‘D’ 
notes is associated with an increase in perceived risk (Bartmess-Levasseur et al., 
2010; Courter & Ritchison, 2010; Soard & Ritchison, 2009; Templeton & Greene, 
2007), it is likely that the increased calling rates by chickadees when titmice were 
not present was related more to individual stress levels, possibly due to the 
perceived need for increased vigilance levels.  Because chickadees are suggested 
to be sentinels in these flocks, it would be interesting to test how flock size and 
composition influences their vigilance rates, measured by ‘look ups’ (Pravosudov 
& Grubb, 1999) or by inter-scan intervals (e.g. Roberts, 1995).  If chickadees truly 
are less stressed in larger groups, and it is a function of diluted vigilance and anti-
predator behavior, I would expect to see decreased vigilance in larger groups.   
Conclusions  
 Taken together, these results suggest that group size and the presence or 
absence of participating heterospecifics might be a factor influencing how mixed-
species flocks react to various stimuli, including low-threat novel and high-threat 
predator stimuli.  Further research is needed to determine whether the presumed 
increase in stress in smaller flocks is due to an increase in the level of vigilance 
required per individual.  This experiment provides the foundation for future 
studies of the influences of flock composition, and how other factors, such as 
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vigilance rates, kin selection, or ratio of other participating members, influences 
anti-predator behavior in mixed-species groups. 
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Appendix A: Figures 
 
 
 
Figure 9. Experiment Three: the predator stimuli and novel stimuli presented.  
Predators in top image from left to right: plastic Great horned owl model, study 
skins of a female Cooper’s hawk, a sharp-shinned hawk, a screech owl (red 
morph), a screech owl (grey morph), and a plastic rattlesnake. Novel stimuli in 
bottom image: (top row) Bristle Block Stackadoo® object, paper star, Hello 
Kitty© ball (bottom row) baby rattle, wooden bird, and stuffed bowling pins. 
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Figure 10. Experiment Three: flock compositions during Phase One and Phase 
Two.  Each square represents one aviary; C = Chickadee; T = Titmouse  
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Figure 11. Experiment Three: the main effect of stimulus type for Feeder 
Avoidance scores.  Error bars represent means with 95% confidence intervals.  A 
bar with a star indicates a significant difference.  Chickadees had significantly 
higher foraging latencies and lower foraging rates in the presence of predator 
stimuli compared to novel stimuli. 
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Figure 12. Experiment Three: mean Feeder Avoidance scores.  Error bars 
represent means with 95% confidence intervals.  A bar with a star represents 
significant differences in mean Feeder Avoidance between chickadees flock sizes.  
Lower Feeder Avoidance scores indicate a shorter foraging latencies and a higher 
foraging rate.  A star without a bar indicates significant differences between the 
presence and absence of titmice.  When four chickadees are present, chickadees 
have lower Feeder Avoidance when titmice are also present compared to when 
they are absent.  In predator contexts, when titmice are absent, chickadees have 
lower Feeder Avoidance when four chickadees are present compared to only two.  
Regardless of flock size or composition, chickadees have lower Feeder Avoidance 
in novel contexts compared to predator contexts. 
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Figure 13. Experiment Three: mean Calling Behavior scores.  Error bars 
represent means with 95% confidence intervals.  A bar with a star represents 
significant differences in mean Calling Behavior scores between chickadees flock 
sizes.  Lower Calling Behavior scores indicate longer calling latencies and lower 
calling rates.  A star without a bar indicates significant differences between the 
presence and absence of titmice.   
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Figure 14.  Experiment Three: the main effect of Type for mean ‘D’ notes per 
call.  Error bars represent means with 95% confidence intervals.  Chickadees used 
more ‘D’ notes in predator contexts compared to novel contexts. 
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Appendix B: Tables 
Table 12.  Experiment Three: predictions. 
 Prediction  Supported? 
F
o
r
a
g
in
g
 B
e
h
a
v
io
r
 
1. Foraging rates and foraging latencies 
would be negatively correlated 
 
 Yes 
2. Chickadees would have significantly 
shorter foraging latencies and higher 
foraging rates when titmice were absent 
compared to when they were present. 
 Mainly no, but did have 
less Feeder Avoidance in 
novel contexts when 
titmice were present. 
3. Chickadees in flocks of four individuals 
would have higher foraging rates and shorter 
foraging latencies than flocks with two 
chickadees. 
 No, there was no effect of 
chickadees present on 
foraging behavior 
4. Chickadees were predicted to have higher 
foraging rates and shorter foraging latencies 
in the novel contexts compared to predator 
contexts 
 Yes 
C
a
ll
in
g
 B
e
h
a
v
io
r
 
 
5. There would be a negative relationship 
between calling rates and calling latencies 
 
  
Yes 
6. Higher calling rates and lower latencies to 
call were predicted in the predator contexts 
compared to novel contexts.   
 
 Yes 
7a. An increase in flock size, whether it be 
intraspecific (only 2 chickadees to only 4 
chickadees) or interspecific (4 chickadees 
only to 4 chickadees and 4 titmice) would 
decrease calling latencies and increase calling 
rates. 
OR 
 
7b. A decrease in flock size, whether it be 
intraspecific or interspecific, will require 
higher vigilance levels, causing birds to 
forage less often, and therefore result in 
higher individual stress levels.  Subsequently, 
this stress can manifest as higher calling 
rates and shorter calling latencies.   
  
No, increased flock sizes 
decrease calling behavior 
across contexts 
 
 
There was an effect of 
titmice present and 
number of chickadees 
present.  Calling latencies 
increased and calling 
rates decreased when 
titmice were present as 
well as when 4 chickadees 
were in the flock. 
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Table 12. Continued. 
 Prediction  Supported? 
‘D
’ 
N
o
te
 U
s
a
g
e
 
8. More ‘D’ notes would be used in calls for 
predator contexts compared to novel 
contexts 
 
  
Yes 
9. Individuals in smaller flock sizes would 
use more ‘D’ notes in their calls than 
individuals in larger flock sizes, regardless 
mixed-species flock composition 
 
 No, there was no effect of 
flock size or composition. 
10. Flocks with more chickadees would use 
more ‘D’ notes than flocks with fewer 
chickadees. 
 
 No, there was no effect of 
chickadees present. 
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Table 13.  Experiment Three: mixed-model results for Feeder Avoidance.  Bold 
values are statistically significant. 
 Num. 
df 
Denom. 
df 
F Sig. 
Intercept 1 33.1 427.5 <0.001 
Titmice Present 1 127.0 1.9 0.168 
Chickadees Present 1 33.1 0.5 0.485 
Type 1 34.7 30.4 <0.001 
Titmice Present*Chickadees Present 1 127.0 1.9 0.166 
Type*Titmice Present 1 127.0 0.4 0.506 
Type*Chickadees Present 1 34.7 0.04 0.833 
Type*Titmice Present*Chickadees Present 1 127.0 9.7 0.002 
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Table 14.  Experiment Three: mean latencies (in sec) and rates (per 10 minutes) 
per individual for foraging and calling behavior.  
Variable Type 
 
Before 
Novel 
Novel 
Before 
Predator 
Predator 
Foraging Latency  320.2 1,346.6 323.0 1,711.1 
Foraging Rate  1.6 0.4 1.5 0.1 
Call Latency  186.6 273.3 179.9 184.5 
Call Rate 10.0 9.0 11.2 16.0 
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Table 15.  Experiment Three: mixed-model results for Calling Behavior.  Bold 
values are statistically significant. 
 Num. 
df 
Denom. 
df 
F Sig. 
Intercept 1 44.1 0.8 0.390 
Titmice Present 1 38.9 22.0 <0.001 
Chickadees Present 1 44.1 15.0 <0.001 
Type 1 40.8 22.0 <0.001 
Titmice Present*Chickadees Present 1 38.9 0.001 0.979 
Type*Titmice Present 1 223.4 0.002 0.968 
Type*Chickadees Present 1 40.8 0.5 0.505 
Type*Titmice Present*Chickadees Present 1 223.4 0.3 0.568 
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Table 16. Experiment Three: mixed-model results for ‘D’ Note Usage.  Bold 
values are statistically significant. 
 Num. 
df 
Denom. 
df 
F Sig. 
Intercept 1 47.1 395.4 <0.001 
Titmice Present 1 126.8 0.1 0.743 
Chickadees Present 1 47.1 0.5 0.496 
Type 1 128.5 39.1 <0.001 
Titmice Present*Chickadees Present 1 126.8 0.02 0.882 
Type*Titmice Present 1 126.3 0.2 0.650 
Type*Chickadees Present 1 128.5 0.1 0.774 
Type*Titmice Present*Chickadees Present 1 126.3 1.2 0.272 
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CHAPTER V: CONCLUSIONS 
“The chickadee and nuthatch are more inspiring 
society than statesmen and philosophers…” 
(Thoreau, 1906, p. 171) 
 
The approach to, or avoidance of, stimuli is one of the basic decisions animals 
must make (Schneirla, 1959).  Typically, animals approach beneficial stimuli and 
avoid harmful stimuli (reviewed in Elliot, 2006).  However, when a stimulus is 
novel, individuals cannot be certain the stimulus is beneficial or harmful until 
they experience it.  Some individuals are more likely to approach novel stimuli, 
regardless of its unknown benefit or harm, while others are more likely to avoid 
novel stimuli.  These differences in individual reactions to novelty can be 
indicative of different ‘behavioral types,’ ‘personality,’ or ‘temperaments’.  As 
such, the experiments conducted in this dissertation first aimed to determine if 
there were species-level differences in how Carolina chickadees and tufted 
titmice, two species that form mixed-species flocks during overwintering months, 
responded to novel stimuli (Chapter 2) and then compared those novel reactions 
to those of predator stimuli (Chapter 3).  The final experiment manipulated 
chickadee flock size and the presence or absence of titmice (Chapter 4) in order to 
determine if flock size or group composition influenced individual reactions to 
novel and predator stimuli.  Because the final experiment built upon the findings 
from the first and second experiments, this chapter will focus mainly on 
conclusions that can be drawn from the final experiment. 
Species-level Reactions to Novel and Predator Stimuli 
Chickadees and titmice modified their foraging behavior across baseline and 
stimulus contexts in the experiments described in Chapters 2 and 3, with both 
species having shorter foraging latencies when novel or predator stimuli were on 
or near the feeding station compared to baseline contexts.  There were no species 
differences in seed-taking latencies, suggesting that one species was not more 
neophobic than the other.  Additionally, both chickadees and titmice had 
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intermediate latencies to take a seed in novel contexts compared to predator 
contexts, suggesting either a species-level graded response to varying threat, or 
individual-level differences in plasticity.   
Regarding calling behavior, chickadees had shorter calling latencies than 
titmice in the presence of both novel and predator stimuli (Chapters 2 and 3).  
This suggests that chickadees may be sentinels in the group, or are at least more 
vigilant and/or reactive than titmice in these flocks.  This may be due to their 
perceptual abilities, as chickadee visual acuity is inferior to that of titmice (Moore 
et al., 2013), thus requiring chickadees to increase their vigilance.  It may also be 
related to a chickadee’s subordinate status, because subordinates are often 
relegated to forage in riskier, less desirable locations, which can increase the need 
for higher vigilance levels (Katzir, 1982; Pravosudov & Grubb, 1999).  As such, it 
would be beneficial for future studies to test for changes in individual vigilance 
rates in the presence of novel and predator stimuli and in the presence or absence 
of more dominant heterospecifics. 
Chickadees and titmice also increased the number of ‘D’ notes used in 
their ‘chick-a-dee’ calls in the presence of novel stimuli (Chapter 2), but not 
significantly differently than they did in the presence of predator stimuli (Chapter 
3).  It is likely that these species do not consider novel stimuli to be as 
threatening as a predator.  However, because the presence of novel stimuli 
lengthened their latencies to forage, novel stimuli did impact the behavior of 
chickadee and titmice participating in mixed-species flocks.   
These species differences in vocal behavior observed in Chapter 2 and 3 
suggested that other factors, such as flock composition, may influence reactions 
to novel and predator stimuli.  The presence of heterospecifics has been shown to 
decrease chickadee and titmouse vigilance rates (Pravosudov & Grubb, 1999).  
This decrease is likely due to the ‘many eyes’ hypothesis, where vigilance levels 
per individual are predicted to decrease as group size increases (Lima, 1995).  
Increased vigilance levels can, in turn, decrease the amount of time individuals 
are able to forage, resulting in increased stress levels (Lucas, Shraeder, & 
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Jackson, 1999).  Increased stress levels can be associated with an increase in 
vocal behavior (Lucas, Shraeder, & Jackson, 1999).  Consequently, chickadee 
vocal behavior may be more sensitive to conspecific or heterospecific flock sizes 
and/or compositions.   
Considering this, the final experiment (Chapter 4) manipulated the social 
context of chickadees, forming flocks of either two or four chickadees, and testing 
their individual reactions both in the presence and absence of titmice.  This 
allowed me to determine if individuals had consistent reactions across contexts 
(novel versus predator) and also allowed me to determine if they exhibited 
behavioral plasticity, changing their reactions depending on flock composition. 
Behavioral Consistency versus Behavioral Plasticity 
Behavioral consistency or high behavioral repeatability contrasts with behavioral 
plasticity or behavioral flexibility, where individuals differ in their responses to 
various contexts (Biro & Adriaenssens, 2013).  Behavioral flexibility is beneficial 
as it can reduce possible fitness costs, particularly in changing environments 
(Duckworth, 2010).  A meta-analysis of experiments that addressed individual 
repeatability for a variety of behavioral patterns, including mating, migration, 
habitat selection, and aggression found that approximately 37% of behavioral 
variation is attributed to between-individual differences in behavior (Bell, 
Hankison, & Laskowski, 2009).  Because repeatability is a function of both 
between- and within-individual variation, it follows that a majority of behavioral 
variation (63%) is attributed to within-individual variation, or plasticity (Bell, 
Hankison, & Laskowski, 2009; Biro & Adriaenssens, 2013).  This plasticity can be 
similar among individuals in a population or vary among individuals 
(Dingemanse, Kazem, Réale, & Wright, 2010).  Individuals can exhibit 
differences in plasticity for one context, but show no differences in plasticity in 
other context (Dingemanse et al., 2010).  For example, individual wild-caught 
lemon damselfish, Pomacentrus bankanensis, a type of coral reef fish, were 
tested for differences in activity, boldness, and aggressiveness in different water 
temperatures (Biro, Beckmann, & Stamps, 2009).  Individual scores on these 
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traits increased significantly when the temperature was increased 3 degrees, with 
aggression increasing, and latencies to emerge from a shelter after a threat 
(boldness measure), decreasing in warmer temperatures.  This was indicative of 
plasticity.  However, not all individuals modified their behavior when the 
temperature changed.  Some individuals had consistent activity, boldness, and 
aggression across temperature gradients, suggesting that repeatability of 
behavior may also be indicative of a behavioral or personality trait. 
Several studies have tested for the behavioral consistency and plasticity on 
the species level.  As an example, the startle responses of individual hermit crabs, 
Pagurus bernhardus, were measured several times in multiple contexts, 
including in situ, in the laboratory, and in the presence or absence of various 
predator cues (Briffa, Rundle, & Fryer, 2008).  The researchers found variation in 
individual responses to the predator contexts across testing periods, indicating 
behavioral plasticity.  The researchers also found that there were consistent 
differences when individuals were ranked by their individual startle durations 
(latency to emerge from their shells after being startled) across contexts, 
suggesting that there was individual consistency in behavior, as well.  This study 
supports the idea that under varying environmental contexts, individuals can 
change their behavior while remaining consistently different from one another 
(Mathot & Dingemanse, 2014).  Overall, this illustrates the basic premise of 
personality: in context 1, individuals may be ranked A, B, C, D for a certain 
behavior (e.g. latency to approach a stimulus, from shortest latency to longest), 
and in context 2, even with an increase or decrease in latencies, it is often the case 
that individuals still are ranked A, B, C, D.  Individual A, for example, shows 
behavioral consistency, because it always has the shortest latency.  Similarly, 
Individual A shows behavioral flexibility, because its latency is modified in a 
second context.   
Plasticity of Feeder Avoidance 
 Chickadees in larger conspecific groups (4 versus 2) showed behavioral 
plasticity in feeder avoidance by significantly decreasing their latencies to forage 
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and increasing their foraging rates in the presence of titmice compared to the 
absence of titmice.  This flexibility in feeder avoidance was also observed in 
predator contexts: chickadees exhibited less feeder avoidance when four 
chickadees were in the flock compared to only two chickadees in the absence of 
titmice.  There are a few possible explanations for these findings, including 
differences in group size or differences in the composition of individual 
behavioral types.  
Differences in Group Size 
Chickadees in flocks of eight birds (4 chickadees, 4 titmice) showed significantly 
less feeder avoidance in the presence of novel stimuli than chickadees in flocks of 
only four chickadees and no titmice.  This decrease in neophobia or shyness in 
the larger mixed-species flock may have been due to ‘safety in numbers’ (Krause 
& Ruxton, 2002) which can encourage individuals to be more neophilic or bold 
compared to when they are in smaller groups or when they are alone.  For 
instance, small shoals of minnows, Phoxinus phoxinus, and goldfish, Carassius 
auratus, exhibited more shy or ‘timid’ behavior (hiding in the weeds, rapid 
darting, and turning) compared to larger shoals of minnows and goldfish, which 
were less timid, making both longer, and more frequent, visits to open foraging 
patches (Magurran & Pitcher, 1983).  As such, perhaps an increased perception of 
‘safety’ prompted chickadees to approach and forage near novel stimuli when 
more birds were participating in the flock compared to when fewer birds were 
participating.  These results suggest behavioral plasticity in chickadees, based on 
mixed-species group size. 
 An increase in mixed-species group size also increases the likelihood of 
having a ‘keystone’ individual influence group behavior (reviewed in Modlmeier, 
Keiser, Watters, Sih, & Pruitt, 2014).  A keystone individual is ‘an individual that 
has a disproportionally large, irreplaceable effect on other group members, 
and/or the overall group dynamics relative to its abundance’ (Sih & Watters, 
2005; pp. 1427-1428).  For example, the boldest mosquitofish are considered 
keystone individuals because their boldness allows them to disperse the farthest, 
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where new populations rely upon disperser behavior (Cote, Fogarty, Brodin, 
Weinersmith, & Sih, 2011).  Thus, it is possible that an extremely neophilic and 
influential individual can influence groups, perhaps by leading them to areas with 
better protection from predators or with better food availability.  Keystone 
individuals are more often described as influencing single-species groups, 
although it is possible for keystone individuals to influence other species in their 
environment, particularly if they participate in mixed-species groups.  Further 
analysis of individual behavioral types in each of the aviary flocks is needed in 
order to address whether the presence of certain prominent individuals may have 
influenced flock behavior in the presence of novel and predator stimuli. 
Differences in Composition of Individuals  
Varying environmental contexts, especially social contexts, are known to 
affect how individuals react to stimuli.  When groups form, individual behavioral 
differences can be reduced (Krause & Ruxton, 2002).  As such, some behavioral 
types may be less prevalent within the group, allowing the more prevalent types 
to affect group performance.  For example, after forming dyads composed of one 
bold and one shy stickleback fish, researchers found that shy fish were more 
likely to leave cover if their bold partner was in an open area (Harcourt, Ang, 
Sweetman, Johnstone, & Manica, 2009).  Bold fish, on the other hand, were less 
responsive to their shy partners. Thus, the presence of the bold individual 
influenced the behavior of the shy individual.  Additionally, in male-female dyads 
of zebra finches, the more exploratory a bird’s partner was, the more exploratory 
the focal bird was when compared to baseline exploratory measurements when 
tested alone (Schuett & Dall, 2009).  As a final example, observing the behavioral 
consequences of other group mates can influence an individual’s subsequent 
behavior.  Bold rainbow trout, Onchorhyncus mykiss, who lost fights, or watched 
a shy trout approach a novel object, became more shy and subsequently increased 
their latencies to approach a novel object (Frost, Winrow-Giffen, Ashley, & 
Sneddon, 2007).  In contrast, shy trout that watched bold trout approach a novel 
stimulus, did not change their approach latencies; however, if these shy trout won 
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a fight, they became bolder and decreased their approach latency to a novel 
object.  The researchers suggested that social experience can influence behavioral 
types, where shyness or boldness may be more plastic, being related to an 
individual’s self-assessment of their relative competitive ability. 
Social conflict—both within- and between-species and whether it is 
competition for food, mates, or other resources—can select for stable differences 
between behavioral types (Smith, 1982).  There is a positive feedback system that 
promotes diversity and consistency in behavioral types, both on the individual- 
and group-level (Bergmüller & Taborsky, 2010).  For example, individuals in a 
group may try to adopt a certain social role depending on their behavioral type, 
but conflict for resources can lead to character displacement, and the need for 
behavioral plasticity, in order to adopt a new role in the group.   For instance, 
aggressive fast exploring great tits are only socially dominant in populations 
when their behavioral type is rare; therefore, only the most dominant fast 
exploring great tits maintain a high rank, while the lower ranked fast explorers 
are relegated to a social position even lower than intermediate slow explorers 
(Réale & Dingemanse, 2010).  Subsequently, if this social conflict persists, it can 
have an enduring influence on an individual’s behavioral type, with diversity in 
behavioral types being selected for across generations, particularly if it results in 
a reduction of social conflict (reviewed in Bergmüller & Taborsky, 2010) 
Taken together, it is possible that the mixture of neophobic and neophilic 
or shy and bold individuals in each aviary group influenced how chickadees 
responded to the novel and predator stimuli.  Groups with four chickadees had a 
greater chance of having more dominant behavioral types compared to groups 
with only two chickadees, and as such, those groups would be expected to 
approach novel stimuli faster, and thus obtain food faster, compared to smaller, 
less variable groups.  When titmice are also present, their presence adds to the 
collective mix of personality types (although titmice behavior was not measured), 
such that bolder titmice may influence chickadee approach latencies.  Overall, the 
feeder avoidance results suggest that chickadee responses to novel and predator 
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stimuli are plastic, or flexible, and can be influenced by social context.  Further 
investigation is needed in order to determine whether this plasticity is influenced 
by group size or the composition of individual behavioral types. 
Plasticity of Vocal Behavior 
Furthermore, while research on animal personalities or behavioral traits 
has boomed in recent years (reviewed in Gosling, 2001), few animal personality 
studies have addressed whether vocal behavior is correlated with individual 
behavioral types.  The few studies that have measured vocal behavior have found 
positive correlations between calling behavior and exploration.  For example, in 
black-capped chickadees, an increase in an individual’s calling rate was positively 
correlated with their exploration in a novel environment (Guillette & Sturdy, 
2011).  Similarly, preferred location for singing can reflect one’s personality.  
Male collared flycatchers, Ficedula albicollis, for example, who sang on lower 
singing posts in the presence of a human observer (which is riskier than singing 
at a higher, more protected post) were more explorative and acted more riskily in 
other contexts than those individuals who sang on higher singing posts 
(Garamszegi, Eens, & Török, 2008).   
Additionally, individual vocal behavior, and especially note type or call 
type, can be related to aggression.  For example, aggressive Carolina chickadees 
are known to use more ‘D’ notes in their calls compared to less aggressive 
individuals (Williams, 2009).  Similarly, dominant gorillas, Gorilla gorilla, call 
more often and ‘sing’ less often than subordinate gorillas (Schaefer, 2009).  
Singing is a submissive expression in gorillas.   
The results of this dissertation also show that individuals can exhibit 
flexibility in their vocal behavior in varying social contexts when presented with 
novel and predator stimuli.  Specifically, chickadee group size and presence or 
absence of heterospecific titmice influenced chickadee calling latencies and 
calling rates.  Chickadees had lower calling rates and longer calling latencies in 
larger flocks of chickadees compared to smaller flocks.  Additionally, chickadee 
flocks decreased their calling behavior in the presence of titmice and increased 
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their calling behavior in the absence of titmice.  Possible explanations for these 
findings will be elucidated below. 
The Effect of Group Size 
Group size is known to affect vocalization rates in many social groups.  For 
example, individual bottle-nosed dolphins, Tursiops truncatus, produced more 
whistles when in larger groups of dolphins compared to smaller groups of 
dolphins (Jones & Sayigh, 2002).  In dolphins, whistle vocalizations are often 
produced in social contexts, and therefore, an increase in whistles may be due to 
an increase in social behavior in larger groups.  Likewise, elephants are known to 
produce more vocalizations as natural group size increases (Payne et al., 2003).  
In addition, squirrel monkeys, Saimiri sciureus, produced fewer ‘chuck’ 
vocalizations when participating in smaller groups, or ‘alliances,’ compared to 
when participating in larger groups (Boinski & Mitchell, 1992).  ‘Chuck’ calls are 
described as contact calls and it is hypothesized that these calls, including their 
rates of production, may be related to individual activity (whether the individual 
is moving), success in foraging (because individuals cannot call as often when 
they are eating), and distance to the nearest neighbor.  As a final example, when 
Carolina chickadee flock size was manipulated, larger groups produced chick-a-
dee calls with greater structural diversity, compared to the chick-a-dee calls of 
smaller groups (Freeberg, 2006).  While not measured in this dissertation, 
Freeberg’s (2006) study suggests that group size can affect several aspects of 
vocal behavior, including rate and complexity, and thus, group size should be 
considered as a potential mediating factor when measuring individual vocal 
responses to stimuli. 
 Individual stress levels can also influence calling behavior, and in turn, be 
influenced by the number of individuals participating in the group.  For example, 
Carolina chickadees increased their calling rates in environments where food 
availability was low (Lucas, Schraeder, & Jackson, 1999).  The authors suggested 
that the energetic stress caused by low food availability may have increased the 
need for sociality.  This increased need for sociality may have led birds to increase 
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their calling to attract other flock mates, which would decrease individual 
vigilance levels, and possibly help in finding new food sources.  Stress levels are 
predicted to be higher in smaller groups, due to fewer vigilant individuals being 
present (Elgar, 1989).  
The Effect of Group Composition 
Although little tested, group composition can also affect the calling 
behavior of individuals participating in mixed-species groups.  For example, 
Diana monkeys, Cercopithecus diana, had higher calling rates of ‘clear’ calls, a 
type of close-range social vocalization, when participating in single-species 
groups compared to mixed-species groups (Uster & Züberbuhler, 2001).  The 
authors suggested that this was due to a reduction of vigilance, because other 
participating species foraged in varying strata, thus providing more sentinels in a 
variety of locations.  This is a possible explanation for why the presence of titmice 
in the final experiment of this dissertation significantly decreased chickadee 
calling behavior across contexts—there were ‘more eyes’ available.   
Future Directions  
There are many potential experiments that could be conducted to further our 
understanding of the influences of reactions to novel and predator stimuli in 
mixed-species groups.  For example, the experiment in Chapter 4 manipulated 
chickadee flock size and the presence or absence of titmice and focused only on 
the foraging and calling behaviors of chickadees.  It would be interesting to test 
whether similar findings are obtained when manipulating titmouse flock size and 
the presence or absence of chickadees.  Titmice would be predicted to have less 
stress when participating in flocks with chickadees, because in a previous study, 
titmice significantly reduced their vigilance when foraging with chickadees 
compared to foraging alone (Pravosudov & Grubb, 1999).  It remains to be seen 
whether titmice have higher calling rates and lower calling latencies in smaller 
flocks, compared to larger flocks, as was the case for chickadees. 
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Future studies could also further test for species differences in chickadee 
and titmouse reactions to novel and predator stimuli.  Many comparative 
experiments have shown that titmice are interspecifically dominant over 
chickadees (Morse, 1970; Pravosudov & Grubb, 1999); however, the results of 
this dissertation research did not reveal that interspecific dominance influenced 
foraging latencies.  In fact, supplants by titmice directed at chickadees foraging 
on the feeding station were minimal.  If titmice were dominant over chickadees, 
they would have been expected to have shorter foraging latencies than 
chickadees, yet no species differences in foraging latencies were observed.  I 
suggested previously that if food had been placed in more titmouse-like locations, 
such as on the ground, or more chickadee-like locations, such as higher in the 
canopy, more interspecific dominance interactions may have been observed when 
testing mixed-species flock reactions to novel or threatening stimuli (Cimprich & 
Grubb, 1994).  As such, titmice may have shorter latencies to forage near a novel 
stimulus when it is placed on the ground compared to chickadees, because they 
are more familiar with foraging in that location.   
Furthermore, it may be beneficial for future studies to measure the 
amount of time species or individuals spend on the feeders, as this could be a 
measure of boldness.  For example, in a study of song sparrows, Melospriza 
melodia, and swamp sparrows, M. georgiana, swamp sparrows had more ‘short 
visits’ to the feeding stations compared to song sparrows (Greenberg, 1989) 
during novel stimulus presentations compared to control trials without the 
presence of a novel stimulus.  The author posits that this may have been related 
to interspecific dominance hierarchies within the flock, though it may have also 
been related to the neophobia levels of swamp sparrows in relation to song 
sparrows.   
Additionally, I only analyzed one note type (‘D’ notes) in chickadees and 
titmice, as these note types are often used in varying degrees of threat (Krams, 
Krama, Freeberg, Kullberg, & Lucas, 2012).  However, other note types may be 
correlated with responses to novel stimuli and/or predator stimuli.  Additionally, 
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there are other aspects of chickadee and titmouse calling behavior that can be 
tested in the future, including note entropy (e.g. Bartmess-Levasseur et al., 
2010), call duty cycle (e.g. Wilson & Mennill, 2011), inter-note interval (e.g. 
Blumstein, 1995) and inter-call interval (e.g. Ellis, 2008).  Variation of any of 
these elements may communicate to the flock about the stimulus.  Furthermore, 
measuring the harmonics of certain notes or the noisiness of certain notes in the 
call (e.g. ‘D’ notes) may reveal information about the urgency of the call, as has 
been found in the different alarm call types of mongooses, Suricata suricatta 
(Manser, 2001). 
Lastly, though not discussed in this dissertation, several measures were 
collected for each chickadee prior to releasing them into the aviaries and again, 
after all novel and predator stimuli been presented in the aviaries.  First, 
individual chickadees were videotaped for 10 minutes in a novel cage with a 
central perch.  I measured their latencies to move from their initial position, 
number of sides of the cage visited, number of movements (perches, flights and 
hops), as well as calling behavior.  After the aviary data collection concluded, 
individual chickadees were re-tested in the cage, first with a 2-minute baseline 
and then with a 2-minute presentation of a small novel pink toy, with the same 
behaviors being measured as in the first cage test.  These cage tests were modeled 
after a similar experiment on great tits, which revealed that this was a good assay 
to measure individual levels of neophobia (Kluen et al., 2012).  Data coding for 
these video files is incomplete; however, if reactions to novel stimuli are 
consistent across stimulus contexts (novel versus predator) as well as social 
contexts (alone versus in a flock), I expect that chickadee reactions to novel 
stimuli in the aviary context will correlate with their reactions in the cage tests.  
In contrast, if their reactions to novel stimuli are more plastic, being influenced 
by social context, their behaviors in the aviary and in the cage test should be 
unrelated to one another. 
124 
Final Remarks 
My dissertation research investigated the behavioral and vocal reactions of 
Carolina chickadees and tufted titmice to the presence of novel and predator 
stimuli.  The results show that there were no species differences in neophobia or 
neophilia and that both species had a graded foraging response to novelty 
compared to predators.  Because chickadees had shorter calling latencies than 
titmice in the presence of novel and predator stimuli, it is possible that 
chickadees play a sentinel role in these mixed-species flocks, at least in the 
eastern Tennessee population of this study.  In the final experiment, chickadees 
exhibited behavioral flexibility in their foraging and calling behavior in the 
presence of novel and predator stimuli, depending on the number of conspecifics 
participating in the flock and/or the presence or absence of heterospecifics.  This 
comparative work contributes to a growing body of literature regarding 
behavioral traits in animals and also addresses a little studied, but potentially 
very informative measure of personality: vocal behavior.  Future personality 
studies should include vocal behavior as a measure, as changes in vocal behavior 
can be indicative of perceived threat.  Overall, this work has important 
implications for the complexity of social relationships in mixed-species groups, 
the social roles species play within the group, and how group size influences vocal 
behavior and reactions to various degrees of threat.   
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